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FOREWORD

This final report was prepared by United Aircraft Corporate Systems Center

for NASA Electronics Research Center as fulfillment of Contract No. NAS 12-91.

The work described in this report was initiated by United Aircraft Corporate Sys-

tems Center under a company funded research program and extended and docu-
mented herein for NASA Electronics Research Center under the above-referenced

contract. The principle goals of the contract are: (1} to develop analytical models

of the computational errors associated with the computational process of strapdown

inertial navigators and (2) by using these models, to establish the computational

requirements of strapdown navigators for the various phases of flight of typical

missions. This report is divided into _,o volumes. The first volume, NASA CR 968,
describes the analytical models .of the computational errors of strapdown navigators an_

report_ upon specific hardware application studies and computational requirements.

The second volume describes in detail the digital computer program developed

under this program that permits rapid evaluation of strapdown associated computa-
tional errors for restrained sensor systems.
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I. SUMMARY

This report describes the Computational Error Analysis Computer Program

(CEACP) (UACSC Deck No. C513), which evaluates strapdown attitude computational

errors and their effects upon navigational accuracy. The computational parameters

evaluated by the program are presented in Table I. The errors are evaluated for a

restrained sensor system operating in an unbounded navigation mode typical of boost

and short term space missions.

The program incorporates the computational models presented in Volume I

of this report and employs them to calculate the computational attitude errors for

specified angular environments and computational processes. The angular environ-

ments and computational processes that can be evaluated by this program in any

combination are shown in Table I. CEACP also evaluates the effect of these attitude

errors upon velocity and position accuracy. The latter errors are established'by

computing position and velocity with and without the attitude errors and then differ-

encing the results. An open loop integration of the equations of motion is employed

to establish position and velocity during thrusting phases of flight and a closed form

solution of the two body equations of motion is used during free flight phases.

CEACP provides flexibility in both the design of the flight to be analyzed and

in the form of input data accepted. Any combination of free and/or powered flight

segments (up to a maximum of 9) may be specified with the reference position,

velocity, and attitude as well as the errors in each of these quantities due to each

error source printed at the end of each flight segment. During unpowered phases

of flight, the program will accommodate elliptic, parabolic, or hyperbolic trajec-

tories.

Several alternative input options have been provided in CEACP as shown in

Table II. The flexibility of input reduces the amount of precomputation necessary

to prepare these data for use in this program. This flexibility is provided because

the data necessary to specify trajectories, particularly during thrusting phases, can

come from many different sources such as other computer programs whose data

may very well be expressed in several alternative forms (units and coordinate frames).

These options encompass most of the normal variations encountered in the specifi-

cation of trajectory profiles.

The CEACP is written entirely in the FORTRAN IV (version 13) source language

for use on an IBM 7090/7094 direct coupled or compatible system. The program is

structured in the form of a main control program that calls several subroutines in a

sequence determined by the input data. Execution time of the program will vary

depending upon the particular trajectory being investigated and the desired accuracy

5
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TABLE I

ERROR SOURCES AND ENVIRONMENTS INCLUDED IN THE CEACP

A° Error Source

1. Initial Conditions

Velocity

Position

Alignment

2. Integration Scheme and Interval

Rectangular

2nd Order Runge-Kutta

4th Order Runge-Kutta

3. Word Length

4. Accelerometer Data Coordinate Transformation Process

2nd Order

4th Order

5. Gyro Quantization

B. Environments

1. Quasi-Steady Angular Rates

2. Sinusoidal Angular Motion

3. Coning Angular Motion

4. Single Axis Angular Vibration

5. Nominal Thrust Profile

6
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TABLE II

PROGRAM OPTIONS

o Units

Metric or English

Radians or Degrees

L/T 2 or g's

o Trajectory Data Input Coordinate Frame (Variable between flight segments)

Any Inertial Frame

Body Frame

Wind Axis Frame

o Flight Profile Data Specified as Acceleration or Specific Force

o Free Flight Attitude Propagation

Constant in Inertial Frame

Constant in Local Frame

Integrated Numerically

o Flight Segment Cutoff Variable

Radius

Range Angle

Time (powered flight 0nly)

o Initial Conditions Specification

Vehicle Latitude, Longitude

Six Inertial Components of Position and Velocity

o Arbitrary Alignment of Sensor Input Axes Relative to Vehicle Body Axes

7
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of the results (i. e., the size of the increment selected for use in the numerical inte-

gration of the equations of motion to propagate the attitude errors into position and

velocity errors. ) A typical execution time is approximately two minutes as

typified by the example run included in Appendix E.

Sections II and III of this report provide the necessary information to operate

the program. Section IV presents a technical description of the methods employed

and the assumptions and definitions used in writing the program. A dictionary of

program variables, a description of the subroutines, a program listing, a detailed

description of the input data deck and an example run are provided in Appendices

A through E, respectively.
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II. INTRODUCTION

In the design and analysis of inertial navigation systems, three broad cate-

gories of error sources may be distinguished: sensor errors, scheme errors, and

computational errors. The first of these categories is associated with the non-ideal

or non-deterministic behavior of the system hardware. Scheme errors are asso-

ciated with the approximations employed and the uncertainties in the mathematical

models used to describe the system and the unobservable forces acting on it. The

computational errors are associated with the necessary numerical solution of the

navigation equations employing the data generated by the sensors. These errors

arise from the techniques used to solve the equations, the finite rate at which they

are solved, and the precision with which the numerical data are represented and

manipulated. The CEACP was written to facilitate the investigation of the last

class of system errors for the computational process peculiar to strapdown navi-

gation systems that utilize sensors of the restrained class that operate in an un-

bounded navigation mode.

The design objective in preparing the CEACP was to provide an efficient,

economical, and flexible ,means whereby the effect of strapdown attitude computa-

tional errors may be evaluated. When used alone this program is an efficient aid

in the design evaluation and selection of the strapdown computational process for

a given mission or missions. When used in conjunction with similar programs for

the evaluation of sensor and scheme errors, the CEACP forms a part of the formu-

lation for a complete system error analysis.

A. Program Usage and Capability,

The CEACP evaluates the navigated position, velocity, and attitude errors

that result from the errors in the strapdown computational processes of attitude

determination and accelerometer data coordinate conversion. These error sources

represent the combined effects of the computational processes employed and the

flight environment both the quasi-steady and dynamic. In addition, the CEACP has

the capability of evaluating the navigation errors that arise from the uncertainties

in the conditions used to initialize the attitude, velocity, and position integration at

the commencement of the flight. Table I lists the error sources that may be inves-

tigated by using the CEACP and the environments that excite many of the error

sources. Each of these error sources vary in the way in which they are coupled

with the flight environment. First, the initial condition errors are idependent of

both the vehicle environment and the computational process while the roundoff error

is a function of the computer word length and the computational frequency. The re-

maining error sources are functions of both the computational process and the vehicle

environment. All of the angular environments listed excite a computational trunca-

9
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tion error which is a function of the integration scheme and computational frequency.

The sinusoidal angular environment also excites the acceleration data coordinate

transformation error which is a function of the computational scheme and is computa-

tional frequency. The coning motion must also consider the effect of gyro quantiza-

tion in conjunction with the computational frequency. The strapdown attitude com-

putational process and the flight environment combine to produce seven distinct types

of computational errors all of which are modeled within this program. These plus

the initial condition errors result in a total of 10 types of error sources as listed in

Table III, which are evaluated by the CEACP. Numbers 2 through 10 comprise the

nine (3 each of position, velocity, and attitude) initial condition errors and numbers

11 through 27 comprise the seven team errors due to the combined effects of the

computational process and flight environment.

Each error source listed in Table III is assumed to act independently and their

effects on the resulting navigation accuracy is evaluated independently. This evaluation

of each error source separately has the advantage of pointing out to the designer"

using the program the areas in which the computational process under investigation

may be overdesigned or underdesigned. In this manner, the areas in which trade-

offs may be most significantly used to achieve a balanced computational process are

made apparent. The total system error is obtained by root sum squaring the contri-

butions of the individual error sot, rces. To obtain trade-off data, a series of runs,

that sequentially vary the computational parameters would be performed.

The reference position, velocity, and attitude and the errors in each of these

quantities for each error source are printed out at the end of each flight segment.

A flight segment is defined as a portion of the trajectory that is separated from other

flight segments by a discontinuity in one or more of the inputted data. Such a discon-

tinuity may occur at a vehicle staging point, or at any point where the dynamic environ-

ment or the computational process is changed. A new flight segment must also be

defined whenever a transition between powered and free flight is desired. In addition

to the above "natural" flight segments, the user may define additional segments (a

total of 9 segments can be accepted) at points along the trajectory where an error

printout is desired.

The CEACP provides flexibility in the coordinate frames and units of the input

data necessary to specify the trajectory for use in this program. This flexibility

is required as trajectory data may come from any one of many different sources and

in several alternate forms. To reduce the amount of pre-computational required for

the use of the CEACP, several alternative input options as listed in Table II have

been provided. These options encompass most of the normally encountered variations

in the specification of trajectory profiles and are intended predominantly to facilitate

the preparation of the tabular data that defines the time history of vehicle angular

rates and accelerations. These input options are intended to eliminate the need for

10
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1.

2.-4.

5.-6.

7. -10.

11.

12. -14.

15, -17.

18. -20.

21. -23.

24. -26.

27.

TABLE Ill

ERROR SOURCES INCLUDED IN CEACP (1)

Reference Case - No errors present

Initial Position Errors

Initial Velocity Errors

Initial Alignment Errors

Constant Rate Truncation (2)

Sinusoidal Rate Truncation (on X, Y, Z Body Axes) (2)

Roundoff (on X, Y, X Body Axes) (3)

Coning Truncation (on X, Y, Z Body Axes) (2)

Vibratory Truncation (on X, Y, Z Body Axes) (2)

Gyro Quantization (on X, Y, Z Body Axes)

Size Effect (4)

(1)

(2)

(3)

(4)

The numbering of the error sources in this table corresponds to their

numbering and order in the printout.

For three integration schemes and any computational frequency.

For any word length.

For two computational processes.

11
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the user to change the units of his data and the coordinate frames in which it is

expressed. This capability is provided in the CEACP to reduce both the possibility

of errors and the time required in preparation of the input data for the program.

Other options allow the user to select the variable on which each flight segment is to

be terminated and a simplified means of propagating vehicle attitude through the free

flight phases of the trajectory.

B. General Program Description

The CEACP is an open loop error analysis Program similar to those generally

used for evaluation of the effects of inertial sensor errors on navigation accuracy.

The program is termed open loop because no guidance ft, netion is provided. The

angular rates and accelerations assumed to be experienced by the vehicle are simply

integrated open loop to advance the vehicle along the trajectory until the specified

value of a termination variable is exceeded. A functional schematic of the CEACP is

presented in Figm-e 1.

As shown in Figure 1, the program is quite similar in appearance to a typical

strapdown navigation loop. With the switches open, the inputted trajectory data are

used just as sensor outputs would be used in an actual flight. The vehicle angular

rates are integrated to obtain the transformation matrix between the body and inertial

coordinate frames. This matrix is then used to resolve the specific force data into

the inertial frame where they are summed with the results of the gravity computations

and doubly integrated to obtain the vehicle position and velocity.

The open loop integration of the equations of motion is done once for the ref-

erence trajectory with the error switches open and repeated for each error source

with the appropriate switch closed. The reference trajectory and the trajectory in-

cluding the effects of each error source are propagated in this manner to the end of

each flight segment when the errors are evaluated and the next flight segment is in-

itialized using the end conditions for each error source of the preceding segment.

The effects of each error source is individually assessed by differencing the result

of the reference trajectory integration with that of trajectory obtained with the

error source present.

The errors due to the computational process are introduced as an equivalent

drift rate or acceleration bias terms which are added to the true quasi-steady environ-

ment. These bias terms are obtained from the error models described in Volume I

or this report. The specified computational process and dynamic environment are

used with these models (which are a function of both the flight environment and'the

computational process) to compute effective vector perturbations deonted by A_ and

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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Af in Figure 1 which are added to the inputted time history of the vehicle angular rates

and accelerations. It is assumed that the dynamic environment is characterized by

a mean of zero, which results in negligible deviations in the trajectory flow and that

its effects are principally upon the computational process in its following of the high

frequency vehicle or sensor package motion.

When the specific force acting on the vehicle is zero, the attitude and the position

tracking computations become uncoupled. This corresponds to free or unpowered

flight when the accelerometer data is ignored and vehicle position and velocity are

obtained by integrating the computed gravitational acceleration alone. To reduce

program execution time, the CEACP replaces the open loop integration of the gravity

model with an analytic solution for vehicle position and velocity, using an inverse

square gravity model. In actual flight a knowledge of inertial flight attitude continues

to be obtained during the free flight portions of the flight by integrating the gyro out-

puts. This capability is retained in the program where,, the user may input a time

history of the vehicle angular rates, which are integrated open loop to propagate

attitude through periods of unpowered flight. The CEACP, however, also provides

two other options for the propagation of vehicle attitude through these periods with

the assumption that vehicle attitude remains constant with respect to either the inertial

frame or with respect to the local geocentric frame. When either of these options

are selected, analytic solutions are employed to propagate true attitude to the end

of the free flight phase and to compute the attitude error that is encurred during this

phase of the flight. These options are provided to reduce program execution time.

14
10
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III. INPUT/OUTPUT

The procedure to prepare the input data for the CEACP and to interpret its

output are described in this section which in turn is supported by Appendices A

through E. This program is entirely written in FORTRAN IV (version 13) source

language for use in an IBM 7090/7094 direct coupled or compatible system and

conforms to the FORTRAN language defined in Reference i.

A. Input

The purpose of this section is to define the input data that are required to run

this program and the manner or format in which they must be prepared for each

of the program options. Appendix D provides a detailed card-by-card input data

deck description for each option while Appendix E presents an example run, both

the listing of the input and the printout.

I. Description

In order to facilitate the preparation of a complete list of data required to run

this program, the input data have been grouped and ordered to conform to a logical

description of an inertial navigation problem. This ordering also accomplishes the

task of minimizing the number of cards that need to be prepared for the simulated

flight. The input data is divided into three groups:

1. Group I

2. Group II

3. Name List

The major data contained in each of these groups are listed in Table IV. A

detailed card-by-card description of input data is presented in Appendix D. Group I

data define the required characteristics of the primary body and navigation system

that remain fixed for the entire flight independent of the number of flight seg-ments

plus program control. The navigation system characteristics defined are the orien-

tation of the sensor input axes relative to the vehicle axes and the initial flight condi-

tion and their errors. Program control defines the number of segments of the flight

and the program options that are to be employed. The latter are selected on a basis

of convenience of available trajectory data.

Group II data, in general, define the quasi-steady trajectory characteristics for

a phase of flight and the program and option control to be employed during the flight

phase. There is a block of Group II data associated with each phase of flight and the

d_ta blocks are ordered chronologically from the beginning of the flight (after the

Group I data) to the final phase,

15
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I.

II.

Ill.

TABLE IV

INPUT DATA DESCRIPTION

GROUP I DATA

A. Primary Body Physical Data

1. Mass

2. Radius

3. Rotation Rate

B. Instrument Transfornmtions

1. Transformation from accelerometer to body frame

2. Transformation from gyro to body frame

C. Initial Conditions

1. Position (3 I frame components or latitude and longitude)

2. Velocity (3 I frame components or computed from latitude

and longitude)

3. Initial attitude

4. Azimuth heading

D. Initial Condition Errors

1. Position errors

2. Velocity errors (computed by progTam if latitude and longitude used

to specify position)

3. Alignment crrors.

E. Program Control Variables

1. Number of flight segments

2. Options employed associated with input data

GROUP 11 DATA

A. Flight Segment Identification

B. Termination Variable and Conditions

C. Tabular Data

1. Acceleration of specific force

2. Body rates

D. Program Control Variables

1. Coordinate frameof tabular data

2. Free or powered

3. Units of input

4. New Name List data for particular segment

NAME LIST DATA

A. Computational Process Specification

B. Dynamic Environment Specification

16
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The third and final group of data, Name List, defines the computational pro-

cesses and the dynamic environment to be used in each flight segment. The compu-

tational processes and the dynamic environments selectable are listed in Table I.

As in the case of Group II data, there is a Name List block of data for each flight

segment. In setting up the cards containing the input data, each Name List group

follows the Group II data of the appropriate phase and precedes the Group II data

of the next phase.

Name List, and I/O feature of FORTRAN IV, version 13, requires

that only the data of the Name List data group (of flight segment j) that differ from

the preceding Name List data group {flight segment j-l) need be included in the Name

List data group of flight segment (j); for the Name List data that are the same for

succeeding flight segments, no new Name List cards or data need be included. Thus,

if the computational processes and the dynamic environment are the same for all

flight segments, name list data cards need only be prepared for the first flight

segment and placed following the Group II data of the first flight segment.

2. Format

With the many options provided in the CEACP, there are a number of different

data set up possibilities for the input data, in particular for Group II data. Table V

lists the different deck setups while Appendix D presents a detailed card by card

description. Using these descriptions the data employed to setup the included

example run presented in Appendix E is also presented in this appendix. For

convenience the Group II data options have been divided into free and powered

flight phases.

In the description of the various cases for each group of data in Appendix D,

the card sequence number refers to the relative location of the card within the group

and not the absolute location of the carol in the input data deck. A typical trajectory

consists of a block of Group I data followed by several blocks of Group.II and Name

List data: Group II (lst flight segment); Name List (lst flight segment); Group II

(2); Name List (2); Group II (3), etc. Only those data from a particular name list

group that differ from the preceding name list group need be included. If there

are no changes in the name list data between successive flight segments, the Group 1I

variable ICHANG is set equal to zero and the name list data block omitted.

B. Output

The output of the CEACP is a printout listing the input data, the pertinent data

at the end of each flight segment, and trajectory data and error summaries at the

end of the last flight segment. Appendix E contains an example run. In the printout,

17
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A.

B,

TABLE V

POSSIBLE INPUT DATA SETUP CASES

GROUP I DATA

Case 1: Initial position and velocity are in the inertial frame.

Case 2: Initial conditions specified as latitude and longitude.

GROUP II DATA

I. Free Flight Segments

Case 1: Segment terminated

constant in the local or

on radius, attitude propagated as a

inertial frame

Case 2: Segment terminated on

constant in the local or

Case 3: Segment terminated on

loop, tabular data in I,

Case 4:

range angle, attitude propagated as a

inertial frame.

range angle, attitude integrated open

W, or B frame.

Segment terminated on range angle, attitude integrated open

loop, tabular data in L frame.

Case 5: Segment terminated on radius, attitude integrated open loop,

tabular data in I, W or B frame.

Case 6: Segment terminated on radius, attitude integrated open loop,

tabular data in L frame.

II. Powered Flight Segments

Case 1 :

Case 2:

Case 3:

Case 4:

Case 5:

Case 6:

Case 7:

Case 8:

Case 9:

Segment terminated on range angle, tabular data in I or B frame.

Segment terminated on time, tabular data in I or B frame.

Segment terminated on range angle, tabular data in W frame.

IFUSE = 1 or 2, tabular data in I or B frame.

Segment terminated on range angle, tabular data in L frame.

Segment terminated on time, tabular data in L frame.

IFUSE = 1 or 2, tabular data in L frame.

IFUSE = 1 or 2, tabular data in W frame.

Segment terminated on time, tabular data in W frame.

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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all the trajectory descriptions and program options employed appear structured as

sentences similar to comment cards to defining the data or options exercised. The

abbreviations that appear in the printout are defined in Table VI.

For each flight segment, the trajectory characteristics (including rate and

specific force), the computational processes, and the dynamic environments employ-

ed in that segment are displayed. This is followed by a description of the reference

trajectory at the end of the flight segment:

o Position and velocity

o Time

o Orientation of the local frame relative to the inertial frame and the orien-

tation of the vehicle relative to the inertial frame

This description of the reference trajectory at the end of the flight segment is

followed by a presentation of the errors associated with each error source. The

error sources are numbered 2 through 27 in accordance with Table III. The errors

associated with each error source are displayed in a number of ways to provide flexi-

bility in analysis. First, the attitude, velocity and position relative to the inertial

frame computed with the error sources is presented. Next, these quantities differ-

enced with the reference trajectory data are presented first in the inertial frame

and then in the local frame. In addition to these data, the magnitude of the error

source (expressed as an equivalent angular rate or specific force as generated by

the error models) is presented.

Following the last flight segment, the flight summary presents the attitude,

position and velocity of the trajectory at the end of each flight segment. The error

source summary preseuts the position and velocity errors associated with each

error source for each flight segment expressed in the local coordinate frames.

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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DELCR

DE LC RD(_T

DE LDR

DE LDRDOT

DE LRA

DE LARD_T

AX, AY, AZ

WX, WY, WZ

SFX, SFY, SFZ

DE LXI, DELYI,

DELZI

DE LVXI, DE LVYI,

DE LV Zl

DELVEL

DE LGAM

DE LPSI

DELAZ

OPVERT

IPVERT

ECM

TABLE VI

ABBREVIATIONS USED IN OUTPUT

- Crossrange position error

- Crossrange velocity error

- Downrange position error

- Downrange velocity error

- Radial position error

- Radial velocity error

- Three components of vehicle acceleration or specific force

- Three components of vehicle angular rates

- Three components of vehicle specific force expressed in

accelerometer frame

- Three components of position error in inertial coordinates

- Three components of velocity error in inertial coordinates

- Velocity magnitude error

- Flight path angle error

- Out-of-plane velocity angle

- Initial azimuth alignment error

- Initial out-of-plane vertical missalignment angle

- Initial in-plane vertical missalignment angle

- Free flight error transition matrix

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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IV. DETAILED PROGRAM DESCRIPTION

This section discusses the functional approach employed in writing the CEACP,

states the assumptions upon which the program is based, and defines the coordinate

frames employed including the transformations used to resolve data between them.

Finally, a flow diagram of the main or control program is presented. This diagram

includes all the major functional subroutines illustrating their functional relationships.

A. Technical Approach

Navigation system performance may be evaluated by many different techniques.

The differences arise predominantly in the manner in which the effect of error sources

upon system errors are obtained and the forcing functions described. A commonly

employed technique for the description of the forcing functions is an open loop techni-

que used when a priori knowledge of all the significant forces acting on the vehicle is

available. Hence a complete time history of the vehicle angular rate and acceleration

(or specific force) vectors is available. The vehicle angular rate and acceleration

data may be used in either of two ways to obtain the navigation errors.

The first method employs linearized error models to obtain the navigation

error. The equations of motion with and without the effects of the error source

are differenced to obtain the linearized error model. This error model is then

integrated to yield the position velocity and attitude errors. This technique is

illustrated schematically in Figure 2. A disadvantage of this technique is that any

errors incurred in the numerical integl"ation process used to integTate the attitude

and the position error equations will appear as system errors. The second method,

which is also illustrated in Figure 2, performs an actual integration of the equations

of motion. The effect of each error source on thc performance of the system is

obtained by differencing the results of the trajectory integration first with and then

without the error source present. The aforementioned error encountered in inte-

grating the equations of motion is approximately the same for the integrations with

and without the computational errors. Thus, the differencing process eliminates the

problem of the first approach. Care must be exercised in the use of this latter

technique to insure that the precision (word length) of the computer employed is

sufficient to retain the effects of each error source in the calculations as the effect

of the error source is obtained by differencing two large numbers.

CEACP employs the second of these techniques, i.e., the simulation of the

equations of motion, to evaluate the system errors accrued in the attitude compu-

tational process of a strapdown navigator during powered flight. This method was

used as opposed to that shown in Figure 2, because it minimizes the effects of the
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._IIRRNIITINP MATM_IL(A,I,K,B, J,C)

r)IMFNS II3N A(I,K),B(K,J),CII,J)

_Fl _00 L = I,I

ON 200 M = ]tJ

C(L,M) = h.

r)n 100 N = I,K

£.(L,M) = C(LtM) ÷ A(L_,N) _, B(N,M)

]nO C('INTINIlE

200 CNNT INttE

3('}0 CONTINUE

RFTIIRN

ENN

PS_P n2



511RROIIT l NF MATRANJ A,,B)

f')T ME-N S |ON AJ3,3),R(3,3)

r)rl 20 M = 1,3

Nn In L = 1,3

R(L,pM) = e(M,_L )
lo ('.nNT | NIIF

?0 CnNT TNUF
RFTLIRN

ENn



SIIRRNUTINF ]NVERSIApAINVFR)
D]MENSINN A(3t3)tATRAN(3,3),X] |3t3)tAINVER(3,3),FRRnR(3,,3),

1 TFMP(3,3) tTFMP| (3,3)

F)&TA((XI(I,J),T =]_3)p J = 1,3) /1.0,O.,O.,n.,1.N,,O.,O.tO.,].N/
11FR = O

ALPH/), = 1.Ol:-fl

CALL MATRANIA,ATRAN)

50 CAt. L MATMtlLIA,3_3_ATRANt3tTEMP)

FIN 200 I = 1,3

ON INO J = 1,3

FRRNRII,J} = xltl,J) - TF_MPII,J}

]00 CNNT I NIIF

2NO CnNT INUF

Dn /,hh I = 1 _3

DN 3NO J = ]_,3

_tlM = SUM.+ FRRNR(I_J) ** ?
3NO CNNTINUF

/-*NO CNNT INUF

IF(StIM - ALPHA) IOO0,_IOO0_,5NO

_00 ITFR = ITFR ÷ ]

IF(ITFR - 20) 550,550,1100
=,qO r_o 700 I = 1,3

nN 60N J = 1,3
TFMPl(I,J) = 2. * XI(I,J) - TFMP(IcJ)

/-,NO CNNT I NIJP

?oN CNNT TNIIF

CALf MATMIIL ( ATRAN_ 3_ 3, TFMP] v 3_ TFMP)

r)N O00 I = 1,3

nO BOO J = 1,3

ATRM_I(I,J) = TFMP(I,J)

RNO CNNT INIIF

gO0 CO_,6TINIIF

C_N TO =_0

lOOO r_N 1O=_O L = 1,3

r_o 1025 _ = 1,3

AINVFR(L,M) = ATRAN(L_M)
10?=_ CONT INIIF

!Q50 CI3NT I NUF

RFTIIRN

]](30 WRITF(6,1N)

10 FI3RMATII/&3HOIaATRIX INVERSION RflIlTINF I')OFS NOT CNNVFRC, F)

STAP

FNn
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SI/RROUTINI: INTPLT (X1,YI,X2,Y2tX,Y)

Y = (l, / (X2 - X])) = iY1 * (X_ - X) - Y2 _ (X|- X))
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SI)BRnUT INF A_f)NY ( ARGI, AR C_2, ANS )

DATA Pl/_.IA16q27/

ANIIM = ABR(ARC_])

r)FNnM = ABSIARC_P)

IF(ANUM- DFNC)M) 50,51,'_I

5(3 ARC,._ = ANIIM I DENFIM

ANS = ATAN(ARG3)

c_n Tn 52

&I ARG3 : n_NFIM / ANUM

ANS : AT_N(ARC, 3)

ANS : .5 '_ Pl - ANS

_7 IFI_RGI) _3,_4,54

&_ ANS : AN5 + Pl

c,n Tn 5R

_.#, ANS = 2. * Pl - ANS

C_F)Tn 5R

5_, IF(ARG2) =,7,p_RtSR
r',7 ANS = PI - AN_,

=;R RFTII_N
FNn
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RIIRRnUT]NF PRRnR

nFTFRM]N_ VFLnCITY AN_
TNTF_FR

CnMMnN

I

?

5

7

R

Q

POSITInN FRRnRS FOR FRROR SOIIRCF _S

F5,FSMAx

NMPG(3,3),TLI(3,3),TEMPI(3,50),T_MP2(3,5_),W{3,SQ),A(3,_O)
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AI_nT,A?DNT,A3DNT,D_LRAI_,27,1N),DFLVDI3,??,lN),_},D_,D_,

D]TRIIF(IO),D2TRIIFI]_),D3TRUF(]Q),DnTnI_n(_,_),DnTNF_,(_,_),

AX_L_AXNEW,AYDL_,AYNFW,A_DLD,AINFW,VXOLD,VX_FW,VY_L_,

VY_Pw,VInLD,VINFW,AX,GY,_Z,DT(27,1h),TBISAV(3,_,27,Ih)

C_MMON FS_FSMAX,IQPT_IVAR,IFIISF,PAR(7,7),FCM(7,7),_OT(3,3),
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1 K_,AC_NSSIS)_FC_NSS_),_ItMMYI_,3),I_ANh
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DFL(],I) = X - XTRIIF(IFS)
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TFMPl(1,I) = VX

TEMPI(2,]| = VY
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CALL TRTAn
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In the description of the various cases (defined in Table D-I for each group
of data in this appendix, the card sequence number refers to the relative location

of the card within the group and not the absolute location of the card in the input

data deck. A typical trajectory consists of a block of Group I data followed by

several blocks of Group II and Name List data: Group II (1st flight segment), Name

List (lst flight segment); Group II (2), Name List (2); Group II (3), etc. Only those

data from a particular name list group that differ from the preceding name list

group need be included. If there are no changes in the name list data between

successive flight segments, the Group II variable ICHANG is set equal to zero and
the name list data block omitted.

The asterisks that appear in the descriptions of the various cases (in the

tables that follow) are defined as follows:

* This value must be used for this case

** Units are rad/sec or deg/sec depending on the value of ID_RR.

Units are radians or degrees depending on the value of IDORR.

Units are meters/sec, 2 ft/sec 2 or g's depending on the values of

IUNITS and IGORLT.

***** Units are meters or feet depending on the value of IUNITS.

****** Units are kilograms or slugs depending on the value of IUNITS.

D-1
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A.

S.

TABLE D-I

POSSIBLE INPUT DATA SETUP CASES

GROUP I DATA

Case i: Initial position and velocity are in the inertial frame.

Case 2: Initial conditions specified as latitude and longitude.

GROUP II DATA

I. Free Flight Segments

Case 1: Segment terminated

constant in the local

Case 2:

Case 3:

Case 4:

Case 5:

Case 6:

Segment terminated

constant in the local

on radius, attitude propagated as a

or inertial frame.

on range angle, attitude propagated as a

or inertial frame.

Segment terminated on range angle, attitude integrated open

loop, tabular data in I, W, or B frame.

Segment terminated on range angle, attitude integrated open

loop, tabular data in L frame.

Segment terminated on radius, attitude integrated open loop,

tabular data in I, W or B frame.

Segment terminated on radius, attitude integrated open loop,

tabular data in L frame.

II. Powered Flight Segments

Case 1:

Case 2:

Case 3:

Case 4:

Case 5:

Case 6:

Case 7:

C ase 8:

Case 9:

Segment terminated on range angle, tabular data in I or B frame.

Segment terminated on time, tabular data in I or B frame.

Segment terminated on range angle, tabular data in W frame.

IFUSE = 1 or 2, tabular data in I or B frame.

Segment terminated on range angle, tabular data in L frame.

Segment terminated on time, tabular data in L frame.

IFUSE = 1 or 2, tabular data in L frame.

IFUSE = 1 or 2, tabular data in W frame.

Segment terminated on time, tabular data in W frame.

30
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GROUP I DATA DESCRIPTIONS
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CASE i.
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CASE 2.
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FREEFLIGHTSEGMENTS
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CASE1.
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CASE 2.
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CASE 3.

44

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER

D-16



_5
D-17

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER



SCR 328-II

CASE 4.
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CASE 1.
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CASE 4.
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CASE 5.
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CASE 7.
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NAME LIST VARIABLES

85

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER

D-54



•-_ .,.-4 .rH

_ _.n h_

Ji TT If

S_

.,-.-I
c_

t_

.,.--I

,--I
o

X

N

%

I1) "3 ,'r5

-_ o_

_) _ +_ _._

,.-t

0

c_
.e4

0

c

O ._

¢.' 4->

• rl or-T
_ 0

4o C_ r_

o--I ._

_ --,I

¢; 0

,j .,.4

",g

m--,

_,_._

_'.__

.2 +a

" "c'J _o

0 0
O O

'D

• -_1-I-_ _ I,_
_ 0 0

,j ¢, ¢,

o 0 0

_.-_ _0 ._

0

C?,

0

_P'L

l'l :[:

¢D

_D

t,';

N

-:r
t-4

_q ,--i 1'-4

-_ -g c" _ .6.

< b~ '=" _

83

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER



©

©

_d

.p

.%

© ©
4,

O

H

• - 4-

4-)

,c

_J

0

: /

O

_0

0
o
(D

c

0
@

D-56

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER



SCR 328-II

APPENDIX E

EXAMPLE RUN

A. INTRODUCTION

CEACP is intended to provide a simple and efficient means whereby the con-

tribution of strapdown attitude computational errors to the total navigation system

error may be evaluated for a selected mission. To illustrate the use of the pro-

gram in this capacity, this appendix postulates a problem and presents a step-by-

step procedure for its solution using CEACP. Included is a description of

the problem, its translation to an input data deck for CEACP and finally the print-

out obtained when this input data was processed by CEACP. This example is not

intended to illustrate all the input data options available to the user of CEACP, but

uses as many as is consistent with the specification of a realistic problem.

B. PROBLEM DESCRIPTION

The hypothetical mission considered in this example consists of direct ascent

into a 108 n mi circular parking orbit, one revolution in orbit and then injection onto

a lunar transfer ellipse. This particular mission was selected because it provides

a spectrum of dynamic environments in which the system must operate and conse-

quently a range of computational requirements. The necessary data to generate a

reference trajectory for this mission is presented in Table E-I.

During all phases of the flighta sinusoidal environment is present due to the

attitude control system limit cycles and, in addition, during those portions of the

flight in the atmosphere, aerodynamic load acting on the vehicle produce an addi-

tional sinusoidal environment. All thrusting phases of flight are accompanied by a

random angular rate environment produced by the random component of the trans-

lational environment due to flexure of structure upon which the inertial sensor

package is mounted. In orbit the environment is serene, consisting only of the

quasi-steady pitch rate to control the vehicle to the local frame and a single sinus-

oidal produced by the roll axis control system limit cycle. This environment is

presented in detail in Table E-If. The computational process to be investigated is

presented in Table E-Ill.

85
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-TABLE E-I

DESCRIPTION OF REFERENCE TRAJECTORY

1.3

Launch is from Atlantic Missile Range

Body X, Y, Z axes are aligned with the vehicle roll, yaw, pitch axes, respec-

tively. At launch, the roll axis is vertical and the yaw axis points due East,

the pitch axis then completes the right handed orthogonal triad.

The initial azimuth heading is 1. 5707963 rads and the following initial con-

dition errors apply:

Radius = 10 meters

Downrange = 20 meters

Crossrange = 20 meters

-5
Azimuth misalignment = 9.70 x 10

-5
In-plane Vertical Misalignment Angle = 4.85 x 10

rads

rads

1.4 Launch vehicle closely approximates an Atlas Centaur.
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TABLE E-II

DYNAMIC ENVIRONMENT

If. 1 Sinusoidal Environment

II. 2

If. 3

Control System Induced

.0348 rads/sec at 2 Hz. on all three axes during

powered flight

• 000178 rads/sec at . 005 Hz. on roll axis during

free flight.

Atmospherically Induced

during first 80 sec of boost

.024 rads/sec at 2.2 Hz.

• 0332 rads/sec at 6.0 Hz.

.0227 rads/sec at 9.6 ttz.

on yaw and pitch axes

during next 60 sec of boost

• 0437 rads/sec at 4.0 Hz.

• 0524 rads/sec at 9.6 Hz.

• 0284 rads/sec at 14.0 Hz.

on yaw and pitch

Coning Environment

No coning environment was specified since this

depends upon the breakdown mechanism of the particular

structure to which the inertial sensors are mounted.

Vibratory Environment

During all thrusting phases of flight, random

vibratory angular envirom-nent is present and may be

specified by the following tabular power spectral

density. *

* CEACP assumes these points to be joined by straightline segments when plotted

on log-log paper and fits a curve to them accordingly.
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II.4

Frequency 0 (f)

10 cps .304 x 10 -5 (rads/sec)2/cps

40 .304 x 10 -5

100 .915 x 10 -4

200 .915 x 10 -4

500 .304 x 10 -5

670 .304 x 10 -6

Size Effect

The sinusoidal environment effects the accelerometer

data through the centrifugal acceleration which results from

this environment. To compute this error, a moment arm of

9.15 meters was assumed to be associated with all sinusoids

on the pitch and yaw axes for the atmospheric portion of the

flight (first 140 sec) and of 3.05 meters during the remainder

of the flight.
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TABLE E-III

COMPUTATIONAL PROCESS

HI. 1

HI, 2

III.3

HI. 4

III.5

First order attitude integration scheme

Computational frequency of 100 Hz. during thrusting

phases and 10 Hz. during free flight

27 bit effective data word length

4th order coordinate conversion scheme

Gyro quantization was taken as zero since its

error is excited only by a coning environment
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C. INPUT DATA LISTING

A listing of the input data deck generated from the problem description pre-

sented in the previous section is presented in this section. This data was prepared

using the rules set forth in Section III and Appendix D of this report. The number

next to the entries in the data listing, refer to the numbering of the data items as

specified in the tabular description of the problem in Tables E-I through III.

In preparing the data for this example a five segment flight was used with

segments as follows:

1. Time 0 to 80 sec at which a discontinuity in atmospherically

induced sinusoidal environment data occurs.

2. Time 80 to 140 sec at which a discontinuity in atmospherically

induced sinusoidal environment data occurs.

3. Time 140 to 560 sec second stage to beginning of free flight segment.

4. One orbit of free flight (@ = 2r).

5. 165 sec burn for injection into lunar transfer ellipse.

These flight segments have been labeled in the data listing to indicate the data

pertaining to each.

90
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DATA LISTING
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D. OUTPUT

This section contains the printout obtained from CEACP when the data deck

described in the previous section is processed using CEACP. The printout con-

sists of three major sections:

1. Reproduction of Group I input data.

2. A flight segment by flight segment breakdown including the input data,

reference trajectory and errors for each error source.

3. A summary by flight segments of the reference trajectory and the

position and velocity errors for each error source.
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EXAMPLE RUN OUTPUT
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ATTITUDE

COMPUTATIONAL

ERROR MODEL

COORDINATE

CON VERSION

ERROR

M ()DE L

hf

[ I

¢ ,,p_'r_-,-..,'rf_dt

A. INTEGRATION OF ERROR EQUATION

¢.0

= (_ =[ T=%dt

ATTITUDE I l

C O M PUT A T 1ONA L _'e,,_

ERRORMODELS]

COORDINAT E

CONVERSION

ERROR MODE I,S

|l __[ fi=Tfb

AP = P with errors

-P without errors

B. SIMULATION OF EQUATIONS OF MOTION

et-lM

Figure 2 Alternative Open Loop Error Analysis Procedures
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the computational techniques employed in the program. This is particularly important

in the analysis of strapdown systems because the integration of the body angular

rates to obtain the transformation matrix IT] in both approaches can result in consi-

derable error if care is not taken in choosing the integration scheme and integration

increment. The technique used in the CEACP reduces considerably the attention

that must be paid to the choice of the integration increment. It also allows the user

to obtain accuracy by using fairly large integration increments that considerably

reduces the running time on a long trajectory.

When the specific force acting on the vehicle is non-zero, a trapezoidal inte-

gration of the equations of motion that uses tabular input data is used. The equa-

tions of motion implemented in the progTam are precisely those that would be

employed in a strapdown navigation system as described in Volume I (Section II).

An integration step size can be independently selected for ea6h flight segment of the

trajectory.

In line with reducing the running time of the program, analytic solutions

of the equations of motion and the linearized error models have been employed when-

ever they can be obtained uith sufficient generality to be useful. During those periods

of flight when the specific force acting on the vehicle is zero, the position and velocity

computations become uncoupled from the attitude equations and may be evaluated

independently. Thus, an analytic solution of the equations of motion (using a two body

assumption) as well as a linearized error propagation matrix for position and velocity

can be employed. (The equations employed represent principally the results con-

tained in References 2 and 3. ) This corresponds to the first of the two error analysis

approaches previously outlined with the aforementioned integration schemes errors

eliminated by being able to obtain closed form solutions. Three options are therefore

provided in the program for the propagation of attitude during these flight segments:

(1) attitude constant in the inertial frame, (2) attitude constant in the local frame,

and (3) attitude integrated by using inputted tabular rate data. In the first two options

a closed form solution for the transformation matrix from body to inertial coordi-

nates is used for both the attitude and the attitude errors. The third option employs

a numerical integration of the attitude equations.

B. Assumptions and Definitions

This section presents the assumptions embodied in the CEACP and defines

several key terms as well as all the coordinate frames pertinent to CEACP. The

major assumptions embodied in the program are:

104
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1. A priori knowledge of the entire trajectory can be obtained.

2. An inverse square law force field is assumed as a gravity model.

3. Mass of the vehicle is assumed to be small with respect to that of the

primary body, i.e., the center of mass is at the center of the primary body.

4. For bodies other than the Earth, the north pole is defined analogously

to the Earth's North Pole.

5. All error sources act independently and are normally distributed with

zero mean.

In preparing this program it was convenient to define seven different coordinate

frames. These consist of two inertial frames, three vehicle and sensor frames,

and two local trajectory frames. Each of the coordinate frames are defined below.

1.

Inertial Frame (Ix, Iy, Iz)

A right handed Cartesian frame fixed in inertial space at the instant of

trajectory initiation. This frame is centered at the center of mass of the

two body system. When the initial conditions are specified as a latitude

and longitude, the following further conditions apply to the definition of

the I frame. The I z axis passes through latitude +90 ° (coUinear with the

angular rate vector of the primary body in the case of a rotating primary).

I x is orthogonal to I z and the I x, I z plane contains the vehicle center of
mass at the instant of trajeetory initiation. I is then located to complete

Y
the right handed triad, I), = I z x Ix.

2.
Vehicle or Body Frame (Bx, By, Bz)

A right handed Cartesian frame fixed to the vehicle in an arbitrar_ orien-

tation. The transformation from the B Frame to the I frame, [T_], at

the initiation of the trajectory is specified in the input data.. Thereafter,

IT I] is maintained by integration of the body angular rates using the

equation

where [_B] is a 3 x 3 skew matrix whose elements are the components of

vehicle angular rates express in the vehicle frame. The B frame is

typically aligned with the roll, yaw and pitch axes of the vehicle in the

order (Bx, B , but this need not be the case unless the wind axis input
option is use_. Bz)
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3. Instrument Frames

Arbitrary Cartesian frames defined by a unit vector along the sensitive

axis for each set of instruments, gyros and accelerometers. These frames

are defined by the inputed transformation matrices ['T__'] for the gyros and

[FB] for the aece lerometer s.

4. Local Frame (Ax, Ay, Az)

A trajectory oriented Cartesian frame defined such that A x lies along the

instantaneous radius vector, A z is perpendicular to the plane containing

the radius (_) and velocity (V) vectors and directed in a positive sense as

the radius vector is rotated into the velocity vector as seen in Figure 3A.

A completes the right handed triad. The transformation from the A to

t_e I frame is defined by the following colunm vectors.

IEl' I(RxV) x_l Inx

The A frame is determined at the end of each flight segment and the position

errors at these times are expressed in this frame.

5. The Velocity Frame (D1, D2, D3)

The velocity frame is a spherical coordinate system defined to facilitate

the closed form solution of the equations of motion. The velocity errors

at the end of each flight segment are expressed in this frame. The

coordinates are illustrated in Figure 2D and defined as follows:

D 3 _,,

The magnitude of the velocity vector, I V I

The angle (_) between the projection of the velocity vector in the

A x, Ay plane and the A x unit vector

The angle between the velocity vector and its projection in the Ax,

Ay plane (_).

The transformation from the A frame to the D frame is given by:

D1 = (,_ 2 +._ 2 + Az 2) 1/2
x y
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= tan -1 (Ay(/Ax)D 2

D 3 = sin -1 (Az/D1)

where the A i is the ith component of the velocity vector expressed in the

local (A) frame.

6. Wind Axis Frame (W 1, W 2, W3)

A right handed Cartesian frame centered at the center of mass of the

vehicle and related to the vehicle roll, yaw, pitch axes through the angle

of attack _ and the angle of slideslip_ . The W 1 axis is aligned with the
instantaneous velocity vector (Figure 3c). This frame is defined for use

in inputing tabular data when aerodynamic forces are acting on the vehicle.

Its use requires that the body frame be defined coincident with the vehicle

roll, yaw, pitch axes in which case

cos a cos_ sin c_ cos _ sir_ 1

i--oco  .o.0 
L-sin 0 cos j

7. The Auxiliary Inertial Frame (L1, L2, L3)

An arbitrary inertial frame other than the I frame in which input data

must be specified. The transformation. ['TLI] must accompany the input

data when the frame is used.

C. Organization

The CEACP consists of a main program and two levels of subroutines. The

main program provides control logic and determines the calling sequence of what is

termed level one subroutines. These subroutines represent major functional blocks

of the computational tasks to be performed. The level two subroutines consist of

frequently used computational processes such as coordinate conversion, matrix

inversion and multiplication routines, etc. All the subroutines used in the program

are listed in Table I of Appendix B and are described in this appendix under the

heading of either level one or level two subroutines. It should be noted that level

one subroutines are called only by the main program and are the only subroutines

called by the main program. Level two subroutines, however, may be called by

23
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a level one subroutine or another level two subroutine. The calling sequence of level

one subroutines by the main program is illustrated by the first level flow diagram shown

in Figure 4. In this diagram the blocks represent functional operations or computa-

tions, The level one subroutine in which these operations occur is indicated by paren-

thetical subroutine reference at the upper right hand border of each block.
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Figure 4

First Level Flow Diagram of the CEACP
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APPENDIX A - DICTIONARY OF VARIABLES

This appendix presents an alphabetical list of aU the variables used by the

CEAP. Each variable is defined, the maximum dimensions of dimensioned vari-

ables are indicated and if the variables appear in C_I_IM_N, this is also indicated.

Where appropriate, the principal use of scratch pad variables is indicated, but, in

general, their use must be established from the context in which they appear in the

program.
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APPENDIX B

SUBROUTINE DESCRIPTION

As previously stated (Section IV), the subroutines in the cEAcP may be con-

veniently divided into two categories: level one and level two. The level one sub-

routines are called only by the main program. These subroutines perform the

major functional tasks required of the program. The remaining subroutines are

classified as level two subroutines and are called only by level one subroutines or

by other level two subroutines. Level two subroutines perform frequently encoun-

tered mathematical tasks such as coordinate conversion, matrix multiplication, and
matrix inversion.

This appendix presents a description of each of the subroutines in the CEACP.

A listing of these subroutines is presented in Table B-I. The function of each sub-

routine is described as well as any unusual techniques or methods used to perform

the required function. Flow diagrams and matrix-vector representation of fhe

mathematical functions being performed are included for the larger subroutines to

assist in the description of the function being performed by the subroutine. In the

program listing preserrt in Appendix C, the listing of each subroutine is preceded

by its title corresponding to the title that precedes each subroutine description in

this appendix.

In the following, the level one subroutines are presented first in the order in

which they appear in the main program. These are followed by the level two sub-

routines which are grouped according to the type of task performed, i.e., coordinate

conversion, matrix operations, etc.

A. Level One Subroutines

1. INPUT1

INPUT1 is the first subroutine called by the main program. This subroutine

reads in all of the Group I input data, i.e., all of the data required by the program

which remains constant for the duration of one case. This data consists of five

subcategories of data as follows:

(1)

(2)

Physical data pertaining to the primary body including its mass, radius
and rotational rate.

B Ta B ]The constant matrices [ Tg ] and [ defining the relationship between

the gyro and accelerometer sensitive axes, respectively, and the body
frame.
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TABLE B-I LIST OF SUBROUTINES IN THE CEACP

LEVEL ONE SUBROUTINES

(i) INPUTI

(2) INPUT2

(3) ERRCAL

(4) BALMS

(5) DATCN1

(6) NAVIG

(7) (_UTPUT

- SUB1

- SUB2

- SUB17

- SUB4

- SUB6

- SUB5

- SUB3

LEVEL TWO SUBROUTINES

(1) ERM(_DS - SUB21

(2) DATCN2 - SUB7

(3) TRTWB - SUB8

(4) TRTAD - SUB15

(5) TRTDA - SUBI6

(6) TRTAI - SUBI4

(7) VELD2I - SUB18

(8) P_SI2A SUB19

(9) MATMUL SUB 9

(10) MATRAN SUB 10

(ii) INVERS SUB II

(12) INTPLT - SUB 12

(13) AGONY - SUB22

(14) ERROR - SUB20

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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(3) The initial position, velocity and attitude of the vehicle for the trajectory

being considered in the present case. The position and velocity may be

specified in either of two ways: six components comprising the initial

inertial position and velocity vectors or the latitude and longitude of the

vehicle. In the latter case, the initial inertial coordinates are computed

by INPUT1 using the radius and rotational rate of the primary. Attitude

is always specified as the nine elements of [ TBI ]

(4) The errors in the initial conditions including three position errors and three

alignment errors. The velocity errors are either computed if initial

position and its error is specified by latitude and longitude or inputted when

the six inertial components of position and velocity are used to specify

initial conditions.

(5) Program control variables used in initializing MAIN, INPUTI and other

level one subroutines.

INPUT1 is called only once by MAIN during the execution of each case. The

follo_'ing level t_vo subroutines are called by INPUT1.

(I) TRTAD

(2) MATMUL

(3) MATRAN

2. INPUT2

INPUT2 is called by the main program following INPUT1 and again at the

beginning of each flight segment. The fm_ction of this subroutine is similar to that

of INPUT1 except that it reads Group II data. Group II data represents the

remainder of the data required by the program and is specified in blocks at the

beginning of each flight segment. This data includes the following subcategories of
data..

(1) The trajectory specification for the present flight segment. This includes

the specification of the termination variable and its magnitude and for

powered flight segments, the tabular acceleration (or specific force) and
rate s.
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(2) Dynamic environment and computational process specification. Since it

may not be necessary to change this data between succeeding flight

segments, the name list input routine of FORTRAN IV version 13 has

been used to read this data in.

(3) Program control variables specifying program options being used and

units of input data, etc.

INPUT2 is called only by MAIN, once at the initiation of each flight segment.

No level two subroutines are called by INPUT2.

3. ERRCAL

Subroutine ERRCAL calculates the magnitude and direction cosines of the

error rate vector associated with each of the computational error models. These

error vectors are then used one at a time by other subroutines to perturb the true

vehicle angular rate and acceleration prior to its integration. The equations used

to compute the magnitude of the error vector are presented in Table B-II.

ERRCAL is called only by bLAIN and only if the variable ICHANG = 1 indicating

a change in the dynamic environment or the computational process specification.

ICHANG must be set equal to one for the first flight segment. MATMUL is the only

subroutine called by ERRCAL.

4. BA LLIS

Subroutine BALLIS provides an analytic solution of the equations of motion

during periods of flight when the specific force acting on the vehicle is zero.

During periods when the specific force acting on the vehicle is zero, the position

and attitude equations become uncoupled. A linearized error transition matrix

is computed and used to propagate the position and velocity errors. The equations

mechanized in the subroutine for this purpose are principally those of Reynolds

and Cross (Reference 2). Three options are provided for the propagation of attitude

and attitude errors during these periods: as a constant in the inertial frame, a

constant in the local (A) frame or integrated open loop using tabular data specifying

the body rate vector. A flow chart of BALLIS illustrating the functions accomplished

by this subroutine is presented in Figure B-1.

BALLIS is called ordy by MAIN when the variable KFLY specifies that the

present flight segment is a free flight segment, i. e., KFLY = 1. The following

level two subroutines are called by BALLIS:

IZ8
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TABLE B-II

COMPUTATIONAL ERROR MODELS USED IN CEACP

Error Source

and Exciting Body Axis of Integration Error Model

Environment Error Application Scheme Used in CEACP

Truncation:

Coueteat Rates

Sincsoidal Rates

Coning

f/fc • 0.8

f/fc < 0.8

Vibratory

Along Axis of

Exciting Environment

Along Axis of

Exciting Environment

Axis Normal to Plane of

Exciting Environment

Axis Normal to Ptsne of

Exciting EovJronment

1/_ on Each Axis

Rectangular

2nd Order Runge-Kutte

4th Order Runge-Kutta

Rectangular

2ed Order Ronge-Kutta

4th Order Runle-Kutta

All

Rectangular

2ed Order Runge-Kutta

4th Order Range-Kut_a

Rectangular

2rid Order Ronge--Kutta

4th Order RunKe-Kutta

_ . 581 _ 2/fc

(_ = . 122 _$/fC 2

(_ = .485 x 10 -2 coS/fc 4

(_ = .472 X 10 -1 A 2 (f/fc 2) s|n2(_/2.f/fc)

= . 330 x I0 -2 A 4 (f/fc 4) sin4(w/2.f/fc)

= . 179 x 10 .2 A 4 (f/fc 4) sin6(_/2'f/fc)

(_ =. 105 A2/f

(_ = . 164 A2f/fc 2

= .260 A 2 f3/fc4 •

rfo

rfo
-- 4

i/fc)_ 2fc 2(2fcr sin T dT
C ='326x I0°I ( ')'/0 _b "-_" ) "_--

.177 i0-I (1/fc)fo2f--'c'o2 2fCT Jin6'r= x (_--) -F- #r

Gy1"o qmmtizatinn Same as Coning All C = . 127 x 10 ..5 Q2 A fffc

Rouodoff I/_" ca each axis Atl (_ ffi .I02 x I01 2 "n fc

Size Effect Thrust Axis 2_I Order

Coordinate Conversion

4th Order

Coordinate Conversion

= 2.4 R A 2 (f/fc) 2

= 12 R A 2 (f/fc) 4

Definition of Symbols

C A attitude error drift rate (r.-4s/sec)

_o _ mngnitude of eonntmtt rate vector (reds/sec)

fc _ computational frequency (Hz)

A _ amplitude of einusoidsJ rate vector (rads/sec)

f _ frequency of 81nunctdal rate vector (reds/Jec)

_b _ vibratory rate power spectrum (radn/ncc)2/Hz

_ (x/2"f/fc)

Q _ gyro quantization (arc 8ec)

n __A effective d_ta wordlength of flight computer (biin)

_ acceleration error

R _ effective momont arm at the meooor package of the sinuueidal rate (meters)

B-5
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Figure B-1 Functional Flow Diagram of Subroutine BALMS
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(i) VELD2I

(2) MATMUL

(3) MATRAN

(4) INVERS

(5) INTPLT

(6) DATCN2

(7) AG@NY

(8) ERMDDS

5. DATCNI

DATCN1 prepares the inputed time history of body angular rates and accelera-

tion (or specific force) for use by subroutine NAXrIG. The program input options

provide that this tabular data may be inputted in any one of four coordinate frames.

(I)

(2)

(3)

(4)

the bo_: frame (B frame),

the inertial frame (I frame),

any other inertial frame (L frame), and

a wind axis fl-ame (W frame),

The vehicle acceleration data for powered flight may also be inputted as either accelera-

tion or specific force. Subroutine DATCN1 reproduces the inputted tables as tables

of body angular rate and specific force expressed in the appropriate instrument frame,

i. e., angular rates in the gs'ro frame and specific force in the accelerometer frame.

A flow diagram of DATCN1 is presented in figure B-2. Each of the functional

blocks in this diagram performs a specific function as indicated on the diagram. The

functional equation employed to perform each of these functions is presented below

with the corresponding block number identification:

BLOCK1 Transforms data in L frame to the I frame

I W L
W I= [TL]

= A LAI [ TL I]

131
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Figure B-2 Functional Flow Diagram of Subroutine DATCNI
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BLOCK 2

BLOCK3

BLOCK4

BLOCK5

Computes [ TwB ] and transforms data in the wind axis frame

to the body frame

= T B WwB [ W ]W

A B = [ TW B ] W w

Computes [ TIB ] and transforms data in the inertial frame to

the body frame

d [TB I] = [_I] _,TB II
dt

where [_I] is a skew symmetric matrix of body rates expressed

in the inertial frame

TI B TBI -1[ l =_ l

W B = [ TIB]WI

A B = [ TIBIA B

Converts acceleration in the body frame to specific force in

the body frame

SF B = A B- [TIB ] _ (X, Y, Z)

Transforms the data expressed in the body frame to the

instrument frames

W g = TBg W B

SF a = TBa W B

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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It is apparentfromtheflowdiagramof DATCN1thatthedifferentoptions
requirevaryingamountsofcomputations.Datainputtedas specificforce in the
bodyframereqtfiresonlytwomatrixmultiplicationsper tabularpointwhereasdata
inputtedasaccelerationsin theI framerequiresin additiontheintegrationof all
theequationsof motion. Obviously,whenatrajectoryrequiringa largeamountof
tabulardatais beinginvestigated,theexecutiontime maybereducedconsiderably
by inputingthetabulardataasspecificforcein thebodyframe.

DATCN1is usedonlyfor poweredflight segmentsasdeterminedbythevariable
KFLY (KFLY=2)andis calledfrom MAIN. Thefollowingleveltwosubroutinesare
usedDATCN1:

(1) TRTWB

(2) MATMUL

(3) INVERS

(4) INTPLT

6. NAVIG

SubroutineNAVIGperformsthesamefunctionasBALLISduringthose
portionsoftheflightwhenthespecificforceactingonthevehicleis non-zero.
Becauseanalyticsolutionsof theequationsof motionfor anarbitrary specific
forceprofilearenotavailable,NAVIGemploysanopenloopnumericalintegration
procedureto propagatevehicleattitude,velocityandpositionduringtheseflight
segments.

Theequationsemployed,

d r_-_ TBI(t)] = [ TBI(t)] •

expressed in vector matrix notation, are:

[ _(t) ] (Attitude Computations)

_I(t) = [ TBI(t)] -. "FB(t )

__i(t) :VI +ft tFI(t) -gI(R)}dt
o o

I(t) = RoI +fo _ I(t)dt

(Coordinate Transformation)

(Velocity and Position Computation)

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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A trapezoidalintegrationschemeis employedwitha stepsizespecifiedbytheuser
atthebeginningofeachflight segment.(This integration scheme and interval have

no connection with or bearing upon the computational functions that are being evaluated. )

The equations of motion are integrated by using the tabular data for the truth model

and once for each error source by using the tabular data to which has been added the

corresponding error vector as calculated in ERRCAL. A functional flow diagram of

NAVIG is presented in Figure B-3.

The numerical integration is continued until the value of a specified termina-

tion variable is exceeded. Four options on the termination variable are available

in NAVIG depending upon value of IFUSE."

=1 Radius for truth model and truth time for errors

=2 Radius

=3 Time

=4 Range angle

The use of radius as a termination variable requires that radius be a monotomic

(either increasing or decreasing) function of time during the flight segment.

NAVIG is called by MAIN immediately following DATCN1. The following

level two subroutines are called by NAVIG:

{i) TRTDA

(2) POSI2A

(3) ER MODS

(4) MATMUL

(5) INTPLT

(6) ERROR

7. OUT PUT

OUTPUT is called by MAIN at the end of each flight segment prior to reading

in data for the next segment. This subroutine prints out the true position velocity

and attitude at the end of each flight segment as well as the errors in these quantities

for each error source. Although this subroutine is not a computational subroutine

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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NEXT ERROR

SOURCE

17-164

Figure B-3 Functional Flow Diagram of Subroutine NAVIG.
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but is primarily concernedwithprintout,a fewsupplementalcomputations,such
asrootsumsquaring,of individualerrors areperformedhereto putthestored
datain theform requiredfor theprintout.

OUTPUT is called by MAIN and calls no level two subroutine.

B. Level Two Subroutines

1. TRTWB

TRTWB constructs the transformation matrix from the wind axis (W) frame to

the body (B) frame, [ TwB _ , using the tabular values of the angle of attack (a) and
sideslip (8).

This subroutine is called by

(i) DATCNI

(2) DATCN2

and calls no other subroutine.

2. TRTAI

TI_TAI constructs the transformation matrix from the local (A) frame to the

inertial (1)frame, [ TAI] l

This subroutine is called by

(i) POSI2A

and calls no other subroutine.

3. TRTAD

TRTAD transforms the velocity vector expressed in the local (A) frame to

the velocity (D) frame. This subroutine is called by

(1) INPUT1
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(2) POSI2A

(3) ERR(_R

and calls subroutine AG(_NY.

4. TRTDA

TRTDA is the inverse of TRTAD. It transforms the velocity vector in the D

frame to the local (A) frame. This subroutine is called by

(i) NA%qG

(2) VELD21

and calls no other subroutine.

5. VELD2I

VELD2I transforms the velocity vector expressed in the D frame to the

inertial (I) frame. This subroutine is called by

(I) BALLIS

and calls

(1) TRTDA

(2) MATMUL

6. P_SI2A

P_SI2A transforms the position vector in the initial (I) frame to the local (A)

frame and the velocity vector in the inertial (I) frame to the D frame. This sub-

routine is called by

(I) NAVIG

and calls

(i) TRTAI

13S
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(2) TRTAD

(3) MATMUL

(4) MATRAN

7. ERR@R

ERR@R computes the position and velocity errors at the termination of each

powered flight segment and expresses them in the local (A) and velocity (D) frames,

respectively. This subroutine is called .by

(1) NAKIG

and calls

(1) MATMUL

(2) TRTAD

8. ERM(_DS

ERMODS applies the appropriate perturbation to the tabular input data for

each computational error source using the error vector computed in ERRCAL.

This subroutine is called by

(I) NAVIG

(2) BALLIS

and calls no other subroutine.

9. MATMUL

MATMUL multiplies an I by J matrix by a J by K matrix.

is called by

(1) INPUT1

(2) ERRCAL

This subroutine

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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(3) DAT CNI

(4) NAVIG

(5) BALLIS

(6) VELD2I

(7) POSI2A

(8) ERROR

(9) INVERS

(10) DATCN2

and calls no other subroutine.

i0. MATRAN

MATRAN computes the transverse of a 3 by 3 matrix. In the CEACP the

transverse of orthogonal transformation matrices is used as the matrix inverse

provided the original matrix was not computed by an integration or other iterative

process. This subroutine is called by

(1) INPUT1

(2) BALLIS

(3) POSI2A

(4) INVERS

and calls no other subroutine.

11. INVERS

INVERS computes the inverse, [ T] -1, of a 3 x 3 matrix. All the matrices

whose inverse is required by CEACP are nominally orthogonal; therefore, rather

than explicitly computing the inverse, an iterative algorithm has been employed.

The algorithm is :
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(I) T-I--_ T T
1

-1

(2) [tij] =]-TTg

2
(3) II E tl =_ Z G_.

• . 1]
1 j

(4) if ff* fl < athen finished otherwise continue

(5) repeat starting at (2) using

-I
T; I= TT(21-TT-i

as an improved estimate of T -1

" = 10 -6 in CEACP.

INVERS is called by

(1) DATCN1

(2) BALLIS

(3) DATCN2

and calls

(1) MATMUL

(2) IVLATRAN

12. INTPLT

INTPLT is a linear interpolator used to interpolate between points of tabular

input data for the navigation routines. This subroutine is called by

(1) DATCN1

(2) NAVIG

(3) BALLIS

UNITED AIRCRAFT CORPORATE SYSTEMS CENTER
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(4) DATCN2

and calls no other subroutine.

13. DATCN2

DATCN2 serves the same function as DATCN1 except that it is concerned only

with the inputed tabular vehicle angular rates used for the integrated attitude option

in BAL LIS.

When the integrated attitude option is chosen for use in propagating the vehicle

attitude through free flight, tabular body rate data must be inputed. These data may

be expressed in any of the four data coordinate frames previously mentioned.

DATCON2 expresses these data as body rates in the gyro frames for use in the

integration routine. DATCN2 is called by

(1) BALLIS

and calls

(i) TRTWB

(2) MATMUL

(3) INVERS

(4) INTPLT

14. AGONY

AGONY provides the inverse tangent of (X/y) in the range from zero to two pi

depending upon the signs of file two arguments. This subroutine is called by

(1) BAL LIS

(2) TRIAD

and calls no other subroutine.
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INTFGFR FS_SMAX

1 ,WTFMP(3_])_ATEMP(3,1)_TISO),TBI(3,3),TI_(3,3),TB_I3,3),

? T_I_,31t6LPHAfSO)t_FTAIfiO),T_R(B_3),YAORSF,RP,_CO_tXMA_S,

X_Yt7_OFLT_OTOTW_IFRAMP_VX_VY_VZ,NPTS,TIA(_t_I,TAI(3_3)

& ,TAIOLnI3,3ItTAINFW(3t3I,TTnTAL(_7_In),TIMF,TMAXtXT_II_(]_)

,YT_II_(]O)_TTRIIF(]Q)tVXTRUFI|O)_VYTRilF(IO),VITRIIF(IO) _

R AXnL_AXNFW_AYOL_,_AYNFW_AZOL_,ATNEW_VXOI__VXNFW_VYOL_,

COMMON FS_F_MAX_IOPT_IVAR_IFUSF_PAR(7_7)_FC_(7_7),A_OT|_,3),

FIOQT(3_3),OFL(3,I),FNPI,PIOTWQ,Pl

? ,In_g_IGORLT_IUNITS,RRATF,IFS,IFSMAX,T_A(_,_),TA_q3,_)

3 ,RMAX,THPTAF,R,THFTA,KFLY_FN

4 ,RSSI(IO),RSS2II()),RSS3(I_),RSS_(IO),RSSS(ln),RSS_(I_)

5 ,BSSTIlO),ERRMA_I27),_RRnCI_,27),HOLO(IOI,SAVF(IO),

FI2MAT(3,1)_FI_MAT(3,1),FI_MAT{3,I ),OIIANT,APM(I_),PS_(IO),

7 P_OFI]_),KF,IC_N

COMMON A_PSS(I_),FPFOII_)_DCOSi_IO)_nCSI(3_),_CS2(_,_),

] K_,ACONSS(SI_FCONSS(_),_IfMMy(_),ICHANG

2 ,IS_HMF,IWn_IZ,CO_PFO,NSS,DELXI(27,In),PFLYI(PT,In),

_FLVXII?7,1N),I_FI_vYIIPT,I_),OFtvZII?7,I_),_FLTI_PT,I_)

,Fl_MAT(3_I),F15MAT(3,l)

NAMF LIST /NAMI/ AMPSS,FRFO,DCOS,DCS],DCS2,K_S,AC_NSS,FCONSS

1 ,ISCHMF,IWDSI/_COMPFO,NS_,OUANT,ARM,PSD,PSDF_KF,ICON

P FORMATf]HI_3OX,2HFS_IOX,IAHPRROR DFFINITInN II

_IX,2H 2_IOX,23HINITIAL BAHIA[ POSITION //

_}X,?H 3,10X,?_INITIAL D_WNRAN_ POSITION I/

_]X,?H &,|0X,27HINITIAL CROSSRANRF POSITInN //

3]X,_H 5,]OX,_3HINITIAL RADIAL VFLDCITY //

3IX,2H 6,10X,26HINITIAL DOWNRANGF VFLO[ITY I/

31X_H 7_10X,_THINITIAL CROS_AN_F VFI._CTTY //

3]X,?H R_|0X_lTHAlIMlITH ALIGNMFNT //

_IX_2H g_IOX,_SHINDLANF VFRTIC_L MISALI_NMFNT AN_LF //

_IX_H|O_t0X,&_HRtlT OF PLANF VFRTICAL MI_ALIGNMFNT ANRI_

l

P

4

7

R

g

1F //

P

4) II

_) II

7

R) II )

q FORMAT{

1

2

5

7

R

q

1

?

._IX,_.HII,IOX,2_HCfINSTANT RATF TRtINCATInN II

_]X,2HI2,1OX,A(IHSINIL_OIr_AL RATF TR(INCATTnN (X BODY AXIS

.31X_2HI3,10X,Af)HSINIISOIr)AL I_ATF TRI+NCATInN iY _I')r)Y AxIs

3IX,2HI6,10X,_OH_IN_SOInAt RATF TPl;NCATInN (l Bf1_V AXI_

31X,?HIS,

31X,2H16,

31X,2HI7,

31X?HIR,

3lX,2Hlg,

31X,2H20,

31X,2H21,

3]X,_H_2t

31X,2H23,

31X,2H2_

31X_?H25,

IOX,P?HRnUN_nFF (X BOnY AXIS) II

]0X,22HROIINDQFF (Y B_Y AXIS) II

]0X,?2HROUN_DFF (Z _O_Y AXIS) II

IOX,31HCONINC TRIINCATION (X Bn_y AXI_) II

]OX,31_CONIN_ TRUNCATION (Y BnPY AXIS) II

IOX,3I_CONIN_ TRUNCATION II B_Dv AwlS) II

10X,34HVIBRATORY TRIINCATION IX B_nY AXI_) II

]OX,]AHVIBRATORY TRHNCATIDN (Y BO_Y AXI_) //

IOX,3_HVIBPATORY TRUNCATION (7 RDDY AXIS) II

10X,31HGYR_ OIIANTIZATION {X BODY AXIS) //

IOX_3]HGYR_ DUANTIIATION |Y BODY AXISI //

3]X_2H26,]OX,31HGYR_ OI)ANTIZATION 17 Rn_Y AxIs) II

31X,2H27,10X,IIHSIZF PFFECT |

10 FORMATI_?HITRIITH SUMMARY FOLLOWS)

pn FORMAT(IaWOFLI_HT SFAMENT ,12)

?5 F_RMAT(_RH_INFRTIAL POSITION AN_ VFLOCITY FOLLOW)

_ FnRMAT(1H_,&H X =FIS.R_H FT.,1OX_AH Y =FIS.B_H FT.,IOX,&H Z =FI_

PA_P
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]oq

lln

111

112

113

]14

115

]la

I17

C.

]pn

IPS

1 .R,&H FT'. / 1X,&HVX =E15.R_QH FT./SFC,flX,4HVY =F15.R,RH FT./

7SFC,flXt4HVZ =PlS.R,RH FT./SFC)

40 FRRMAT(IHD,&H X =EIS.R_7H MFTFRS,INX,&H Y =F15.R,7H MFTFRS_]RX,

] 4H 7 =F15.R,7H MFTFRS / 1X,4HVX =FIS.P,1]H MFTFRS/_FC,_X,

? 4HVY =F15.Rv|1H MFTFRS/SFCtAXt4HVZ =E|6.R,|]H MFTFRS/SFC)

50 FRRMAT(|HOt&Xt_HRADIUSy24XtRHVELNCITY_25X,SHGAMMA.PSX,&HTIMF / IX,

] FI_.Rt& H FT._IOX_FIS.RtRH FT./SFC,IOX,FIS._,5_ RAD.,INX,

F15.R,4H SFCII)

55 FORMAT(IHO_flX,AHRADIUS_27X,RHVFLNC|TY,26X_SHGAMMA.25X,&HTIMF / IX,

] F1S.R,TH MFTFRS,1NXtF]5.R,11H MFTERS/SEC,IOX,FI_.R_H ROD.,
7 IOX,F]S.R,4H SEC//)

flO FORMAT(4H_TR] I 3(SX,E15.8) 1 3(SX,EI5.R) 1 3(5X,FIS.R) /III)

7_ FNRMAT(22_IPRRnR SUMMARY FNLLDW_)

RO FNRMAT(3H_PS,flX,RHDFLRAIM),]NX,RHDELDR(M),]NX,RHDFL_R(M),RX,

} IlHbFLVFL(MI_),AX,]?HnELGAM(URAD),hX,]2HDFLPRIIIIRAD),

P _X,]3HnFLTIMF(MSFC) //)

R] FRRMAT(_HNF_,flX,RHDFLRA(F),IOX,RHDFLDR(F),]OX,RHD_LERIF),RX,

l IIH_LVFLIFIS),flX,12HDFLGAMIURAD),flX,12HDFLp_I(IIRA_),

2 5X,13HnFLTIMF(MSEC) II)

qO FNRMAT(IX,I?,IX,5X,FR.I,INX,FR.I,IOX,FR.I,INX,FR.?,OX,FR.I,INX,

1 FR.I,IOX,FR.1)

q5 FORMAT(4HORSS,SX,FR.I,IOX,FR.I_IOX,FR.I,IOX,FR.P.qX,FR.I,IOX,

l FR.I,IOX,FR.1///)

qfl FNRMAT{/// 3_HOINPUT DATA F_R FRR_R MODELS FOLLOW)

q7 FDRMAT(_X,31H F|RST-RRDFR INTFGRATION 5CHFMF)

OR FORMAT(_X,3PH SFCnND-ORDFR INTFGRATIRN SCHFMF)

qg FnRMAT(&X,_?H FOtlRTH-ORDFR INTFGRATINN SCHFMF)

ION FORMAT(fiX,IN ,12,23H BIT CRMPI_TFR worn SI/F)

IN| FNRMAT(flX,?&H CNMPlITATINNAL FRFDIIFNCY =FIS.B,4H CPS)

]07 FARMAT(&X,ITH SINIISNIDAL RATFS)

103 FORMAT(IIX,?2H NIIMRFR OF SINUSNIDS =l_}

104 FORMAT(IIX,IIH AMPLITUDE / IAXS(FPD.R) / ]flX,_(FP_.R))

105 F_RMATIIIX,12H FRFDHFNCY I ]&X,5(F_O.R) / lflX,_IFPD.R))

lNh FOR_AT(llX,3_H DIRECTION CNSIHFS NF FAC_ SINIISN|_)

107 FDRMAT(IAX,3(F20.R))

|OR F_RMAT(_X_I4H CONING MnTI_N)

F_RMAT(IIX,3DH NUMRFR DF PAIR RF SINII_I_S =I?t

FNRMAT(lIX,32H DIR_CTINN CDSINFS D; $INUSDID 1)

FORMAT(IlX,3?H DIRFCTION CNSIN_ OF SINIISNIn 2)

FORMAT(/// 1NO)

FDRMAT(_X,_SH _C_ND-_RDFR CQ_R_INATF CNNVFRSIQN)

F_RMAT(_X,3_H F_t;RTH-O_FR CnNR_INATF C_NVFR_InN)

F_RMAT(_X,lfiH DtIANTIZATInN =FI_.R}

FNRMAT(flX,25H VIRRATDRY PDWFR _PFCTRIIM)

FNRMAT{]IX,]?H MNMENT ARM / IflX_5(EPN.R) / ]_X,SiFp_.R))

INITIALI/ATINN_

_CNN = _.&7P-II

PI = 3.141Sq27

PINTWO = I._707q64

F_MAX = 27

]]q D_ 1?5 J=P,FSMAX

DN IFN I=I,3

nFLV_(I,J,I)=O.

_FLRA (I,J,]}=O.

CRNTINUF

CNNT INHF

CALL |NPlIT1

WRITF(6,R)

WR|TF(6,q)

IF_ = 2

nn 300 L = 1,3

DA_F n_
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DMF_IL,M} = n.
7NO CNNTINLIF

_On CNNTINU_

nN 400 l = I_FSMAX

_N 350 M = I,IFSMAX

TTnTAL_L,M) = O.

3_0 CNNTINIIF

4NO CnNTINIIF

ISFGS = IFSMAX - 1
D8 5000 LnnP = I,ISFGS

FS = I

CALL INPUT2

I_(ICHAN_ ._0. O) _N TO 250D

RFAD(5,NA_])

CALL _RRCAL

_qn_ WRTTF(h,Q_)

GD TD (2_10,2520,2530),ISCHM_

2_|O WRITFI_,QT)
Gn Tn 2ssn

_s_n WRITF|6tq_}

GN Tn 25Sn

_O WRITF(fl,QQ)

?550 WRITF(_,lnn) IwnsIZ

Gn Tn 12_q2,_qSA),ICnN

_55_ WRITF(6,1131

GN Tn 2_S&

2554 WRITFIfl,|14)

_qq& WRITF16,115) mlANT

WRITFI6,1_I) CnMPPO

WRITF(6,1021

WRITFIfl,I_3) NSS

IF {NSS .FO. _) GO TO 2qf15

WRIT_(&tI_A) |AMPS_II)_I=]_NSS)

WRITF(6,]._S) (FREO(II_I=I_NSS!

WRIT_|6_llT) IARM(II,I=I_NSS)

DN 2_flO J = I,N_S

WRITF|6,1O7} l_COSII,J),I=1,3)

_&O CnNTINUF

WRITF(_,Ihq) KSS

IF IKSS .FO, O) Gn TO 2%R5

wRITE|6,1_4) (ACONSS(1),I=I,KSS|

WRITF(a_I_5| {FCNNSS{I),I=I,KSS)

WRITF(&,110)

nN P_?O J = 1,KSS

W_ITFI6,1OT) i_CSllI_J},I=l,_}

2_7_ CnNTINU_

WRIT_(6,111)

nn 2_R_ J = I,KSS

WRITF(6,I_?) IDCS21T,J),I=I,3)

p_RQ CQNTINIIF

?qR_ IF (KF ._O. O) GO TO 2fl_O

WRITFf6,]|fl)

WRI_Ei6,105) IPSDFII),I=I,KF}

2_NO WRITF (_,I12)

fin TN (27_0_ _RO0), KFLY

2700 CALL BALLIS

GO Tn _SDn

1,tCi
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?BOO

?QNN

3nnO

&SnN

_NNO

_Inn

!

fl?NN

7_ON

CALL r)ATCN l

Dn 300N l -- 1,

r)n 2gOt} J = 1,3

TAIf]I D(].J) = TAI (I_,J)
C fINT | NIIF

CONT TNIIF

CALL NAV]_

('.ALL nlITPlIT

IFS = IFS + 1

CONTINIIF

WR|TF (6,, ]N)

r)n 7NNO IFS = 2,1FSMAX

K -- IFS - I

WRITF(6,2N) K

WRITF(6,2_)

R = 50RT(XTRIIF(IFS) *x= ,7 + YTRIIF(IFS) *_, ? + /TRiAF(IF_)

IF(IT_NIT_ .Fn. O) Gn TD _]on

X] = XTRIIF(TFS) =, 3.2R11

YI -- YTRItFiIFS) _w 3.?R}

7] = ZTRItF(IF_) * 3,?B]

VXl. = VXTQII_(IFS) • 3.2B1

VYI = VYTPlYF(IFS) * 3.2B1

VZ1 = VTTRtlF(IFS) * 3.?B]

WRITF(_,3n) X]tYI,ZltVXI,VY],Vll

R1 = R =W _._B]

nil = F)IT_It_IIFS) * 3.PB|

WRITF(fi,_n) R]_,D]],D2TRIIFIIFS),TTF_TAI (|,IFS)

_,n Tn &pnn

WRTTF(_,4N) XTR(IFIIF_),YTPlIF(IF_),7TRtlF(IFS).VXT_IIF(I_).

VYTRIIF ( IFS),VITRIIF(IF5)

WRITF(_,5_) P ,DITqIIF ( ] FS) _.f}2TRIIF(IF5) ,TTNTAL I | , IF_)

WRITF(6,hn) ( (TBI SAV( I,J, ],]_S),J=] ,3) _ I=],3)

CNNTINIIF

WRITP(fl,R)

WRITF(fl_q)

WRITFIfl,7_

I")I"IqoNN IF

K = IFS -

Wi_ IT_(_, _n

IF ( IHNI TS

WRITF(h,BI

r.n TN 7_0n

7500 WRITF(fi,_n)

7600 on BONN F_ ; 2_.FSMAX

DELV_IP,F._,IFK) = 1.0_ • DFLVD(?,FS,IF&)

DFLVD(_,F_,IFS) = ].OFf • DFLVF_{_,FS,IF&)

DT(FS,IFS) = ].OE3 * DT(FS,IFS)

|FI]IINITS .PO. O) GN TR 77{3f)

t30 7&50 I =1,3

DFLRAII,PS.,IFS) = 3.?R] * NFLRA(|,FS,,.IPS)

7650 CNNTINIIF

DFI vn{ 1, F,K

l DT(F_

C_[_ TO BOO0

77Of) WR ]l'Fi6,qf_

] DTIF5

R C11"1r) Cr}NT _NIIF

RSSSIIFS) = 1.OF_6 w_ RSS_IIFS)

R_SA(IFS) = |.OE6 * RSS&(IFS)

RSST(IFS} = ].OE3 * RSST(IFS)

)

S = 2,IFS_AX

]

) K

.FO. (3) GN TN 75f)N

)

,I_$1 = 3.281 * nFLVn(I,_S,IFS)

} F_,(DFLPA(I,FS,IFS),I=I,3),IDFLVD(I,F_,IFS),I=I,_),

,IFS)

) PS,(DFLRAI/,FS,I_S),I=I,3),IDFLVD(T,ER,IFS),I=],3),

,IFS)
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R]NO WRITF|6t QS) RSSIIIFSItRSS?IIFSItRSS3I IFSI,RSS4IIFSI_RSSSIIFSI_
1 RSS6ITF_ItRSST(TF_ )

g_O_ CnNTIN|IF

_n Tn llg
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e

r'

5ttRRnUTINF TNPIIT1

]NTF_FR _PSMAX

C_MMON OMFG(3,3)_TLII3,3),TFMP](3,50),TFMP213,50),W(3,_O),A(_,_Q)

1 ,WTFMP(3tl)_ATEMP(B,I)tT(5OI_TRII3t3),TTRf3_3)tTB_(3,3)_

TGR(3_3)tALPHA(5_),R_TAISO)_TWR(3,3)_TAORSF,RPt_CnN,XMAS_,

3 X_Y,7,_FLTSt_TOTW_,|FRAMF_VX,VYtVZtNPTS,TTA(_,_)gT_I(3_3)

4 ,TATnLOI3,_)tTAINFW(3t3)_TTOTAL(77_l_),TIMF,TM_X,XTRtlF(]_)

S vYTqIIF(|OI,ZTRI)F(IO)tVXTRtIFIln),VYTRUF(]_),VZTRIIF(I_).

AlnnT,A2DnTtA3DRT,RFLRA(_,27,lO),_FLVD(3,27,IOI,Rl,_,D3,

7 _IT_tlF(|O),R2TRIIF(]_i,_3TRIIF(IO),_AT_L_(_,_),_TNFw(_,3),

R AXOL_AXNFW_AYOL_AYNFW_A7RLD,AZNFW_VXOL_,VXNFW,VYOLn,

q VYNFW,VZOLO,V?NEW,GX_Y,_Z,OT(27,]O),T_T_A_,(3,_,_7,1_)

C_M_N F_,FSMAXtT_PT_IVAR,IFIISF,PAR(7,7),FCM(7,7),AOOT(3,_) ,

I FT_nTI3,3),_FL(3,I),FNPT,PInTWO,PI

? ,In_RR,IGORLT,IIIN|T_,RRATF,|FS_|FSMAX,TRA{3,_I,TAR(3,3)

,RMAX,THETAF_R,THFTA_KFLY,FN

4 ,RS_l(lO),RS_(l_),R_S3(l_I,RSS4(10),P_SS(InI,R_a(lO)

,R_7(]O),FRRMAG(27),FRRRCI3_?7),HOLDf]_),_AVF(l_),

A FI_MAT(_I)_FI_MATI3,1)_FIAMAT(3_])_OIIANT,A_M{I_),P_(IO)_

7 PSRF(]R)_KF_]CON

] K_K,ACQN_SI_)_FCONS_(_),OIIMMy(3,_)_ICNAN_

? ,TSCHMF,IWDSIl,CnMPFO,NS_,_FLXI(?7,IhI,OFLYI(77,IO),

_FI-vXI(P?,I_),OFLVYI(?7,ln),nFLVZI(27,]_),O_LIIIP7,]O)

4 _F]_MAT(3,1),F|SMAT(3,])

|0 F_RMAT(]&I_)

_O _RMAT(_IS.R)

_ FRRMAT(2AH_TRAJFCT_Ry CnNSIRTS OF ,I?,a_ SF_MF_TS)

AN FORMAT(_OALL RATA IN FNELISH ItNITS)

A_ FnRMAT(2KHOALt DATA IN _FTRIC ltNITS)

RO FORMAT(_PH_TRANSFORMATION MATRIX FQgM _YR_ FRAMF TO BnnY FRAMF /

1 3(_X,F15oR) / 3(SX,FIS.R) / 3(_X,FIS.R))

gO FORMAT(_IHOTRANSFORMATInN MATRIX FROM ACCFLFRD_FTFP FRAMF T_ RR_Y

]nO FORMATf]2A&)

]05 FORMAT(1HI_I_A_)

1_O FORMAT(lqHOPRIMARY B_DY RATA / ]RX_AHMA_S =FIS.R_AH SLIt_,I_Y,

] RHRA_IItS =FIS.R_H FT.,1OX_I7HRDTAT1ONAL RATF =F]5.R,RH _FC/
?5FC)

]_S FORMATiIqHOPRIMARY RROY RATA / I_X,AHMA_S =_1_°R,1_ KILORRAM_,

] ]OX_RHRAOIIIS =F|_oR_TH MFTFRS_]_X,|7HRRT_TI_NAL RATF =FI_._,
RH nF_/SFC)

]30 FOgMAT(?SHOLAIINCH POINT COOROINATF5 / IOX,]_HLATITUOF =F]_.R,RH nF

]4_ F_RMAT(2q_INITIAL INERTIAL C_R_INATFS / IOX_HX :FI_._,&H FT.,

l 10X,3HY =E]_.R,_H FT.,]OX,3H/ =FIS.R,_H FT. / aX,4_VX =FI_.

R,RW FTo/SEC, 6X,4HVY =E]_.R,RH FT./SFC, 6X,4HV7 = FI_.R,

RH FT°/_FC)

I_ F_RMAT(2qW_INITIAL /NFRT]AL CnnPOINATF_ / ]OX,3HX =FI_._,7_ MFTF_

I ,]_X,3HY =FIS.R,TH MFTFR_IOX,_HZ =_1_.R,TH MFTFR_ I QX.

? &HVX =F]S.R,]]H MFTFR_/SFC,SX,&HVY =F1S.R,]]H M_TFR_/_FC,SY,
_HV7 =FIS.R_I1H MFTFRS/SFC}

]_ FORMAT(hAHOINITIAL TRANSFORMATION MATRIX FRRM RORY FRAMF TO INFRT|

IAL FRAMF / _ISX,FlS.R) / 3(SX,PIS.R) 1 3ISX,FIS.R))

170 FORMATI// 1RHOAZIMUTH HFADIN_ =F]5.R)

1R_ FORMAT(//7_H_INITIAL CONDITION FRRORS // llX,TH_FI RA =FIS.R_

] IOX,THDFLDR =F]5.R,IOX_7H_FLCR =E15.R // RX,]ONOFLRAOOT =,

2 F]q.R_7X_IOHOFL_R_T =FISoR_7X_|OHOFLCRDnT =F]5.R)

IqO FORMAT(// 7_HOINITIAL ALIGNMFNT FRRORS // |]X_TH_FLA7 =EIS.R,

] qX_RHOPVFRT =F]5.R_qX_RHIPVFRT =FI_.R)

_IMFNSION CARD it2)
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]]On

]_nn

]4NN

I_NN

RFA_I_,IOn)CAR_
WRTT_Ifl,ln_) CARD

_A_IS_IN} IFSMAX,]UNITS,]PNSFR

ITF_P : TFSMAX - I

WRIT_(fl,30) ITFMP

R_AD(_O) X_ASS,RP,RR_TF

TFf ]IINTT_ ._O. O) GQ TO ]QOn

WRTTF(h,4_)

WRTT_(6,1?nl XM_RP_R&TF

RP = RP • ._N4R

_N TN lN_n

WRTTF(6,1?_) XMA%_,RP,R_TE

RRATF = RRATF * 1.745F-P

_N llnn l : 1,3

RF&_(S,2O) IT_PII,J),J=],3)

CnNTTN(t_

WRTTF(6,Rn) ((T_RfI,J),J=],3),T=I,3)

_n 12OQ ! = 1_3

CnNTTN(I_

CAI L M_TRAN(TAP_T_A)

WRTTgifl,a_) ((TABfI,J),,)=I,3),]=I,_)

TF(TPOSFR °_0, O) _ TO 12_

WRITF(fl,130) G1,G?

_1 = G1 * 1.7_5F-P

G2 = f12 * 1.74SP-?

X = RP * cn_l_l%

Z = RP _ _IN(al)

VX = Oo

VY = X * _RATF

V_ = O.

Go TO l_On

Rg_I_,2N) X_Y_Z

RF_DIS_2N) VX,VY,V_

TF(TIINIT_ ,_Oo O) RN TO ]4NO

WRTTFf6,I&O) X,Y,_,VX,VY,V7

X = .30_ • X

Y = .30_R _ Y

VX = .3_&P _ VX

VY = .3_&R * VY

V_ = .30&_ * V?

GO TO l_n

WRITF(6,I_) X_Y_7,VX_VY,V_

_N 1_00 I = 1,3

RFA_(S,?O) (TRI(I,J),J=I,3)

CflNTINIIF

WRITF(6,1_N| ((TBI(I,J)_J=I_3),I=I,3)

XTRIIF(1) = X

YTRIIg{_) = Y

ZTRtI_(ll = 7

VXTRIIF(|) = VX

VYTRltF(1) = VY

VZTRtI_(ll = V7

_ ]_00 L = 1,3

_ 1S50 M = 1,3

P_F
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_Q ]_25 K=ltFSMAX

TRISAV (L_M,K,])=TBI(L,M)

I_75 CnNT]NuF

l_OÙ C_NTINUE

R = SORTtX ** 2 + Y ** _ + 7 ** 71

RFAD(5_2n| AZcDELRA(L_2_I|_nFL_A(2_3_I)_nELRA(3,4,11

WRITF(AtlTD) AZ

TP_PI(I,I) = X / R

TPMPI(2_]) = Y / R

TFMPl(3,_) = l I R

T_MP = SORTITFMPI(2_I) _* 2 + TFMPI(I,I) ** 2)

TFMPlII,_ = - _PMPlll,I) I TFMP • TFMPl{3_I)

TFMPl(2,2 = - TEMPI|2,|] / T_MP * TFMPI(3,] )

TFMP](3_ = 1. / T_MP • (TFMP](2_]| _ 2 ÷ TFMPI(lt]) _* 2)

T_MPl(1,_ = TFMPl(St]) / TPMP

TFMPI(2,3 = - TEMPI(I,|) / TFMP

TFMPI(3,3 = O.

TFMP2(I,I = I.

TFMP2(2,1 = O.

TFMP2(3_] = O.

TFMP2(1,2) = O.

TFMP2(2,2) = CnS(AZ)

TFMP?(3_) = -SIN(All

TFMP2(],3) = h.

TFMP2|7,_) = - TEMP213t_)

T_MP2(3_3) = TPMP2(2_2)

CALl MATMHLITFMPL,3t_,TFMP_,3,TA|)

CALL MATRAN ( TAI , TIA)

FighT(l,1) = VX

FIDQT(2,1) = VY

FIn_T(3,I) = VZ

CALL MATMIIL (TIA,3t3tFID_T,I,A_T)

CALL TRTAn

DITRH_( I)=DI

D2TRIJF ( I )=02

n3TRtlF ( 1 )=_3

IF(IPOSFR .FO. _) GD TO lRO0

TFMPI(I,I) = DFLRA(I_2_I|

TFMPl(2,1) = _FLRA(?,3,1)

TFMPl(3,1) = _FLRA(3,4,I)

CALL MATMIIEITAI,3_3_TEMP],I,TFMP?)

TF_P2(2,I) = RRAT_*(TEMP2(I,I) + XTRtlF(I)) - VYTRtlF(1)

TFMP2(1,]) = O.

CALL MATRAN(TAI,TIA)

CALL MATMIILITIAt3,3_TFMP?,ItTFMPl)

DRADQT = TPMP](It] )

DDRD_T = TFMP_(2tL)

DCRD_T = TFMPl(3_I)

GN Tn lqOn

|RNN RFADIS_SN) _RADNTtDDRD_T,DCR_NT

lqO0 WRITF(6,1_O) _FLRA(It2_I)_DFLRA(2_3_I)_DELRA(3,4,I),DRAnnT,_DRDOT,

1 DCRnOT

_t;MMY(1,1) = TAIII,I

_HMMY(I,21 = TAI(I,?

Ot_MMY(I,3) = TAI(I,3

_IIMMY(2_I) = TAI(?,I

DtIMMY(2,2) = TAI(2t2

DIIMMY(St3| = TAI(2,3

DIIMMY(3_1| = TAI(B_I

* _RADOT

DDROOT

* nCRDOT

* DRA_OT

* DDRDOT

DRADDT
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r)IIMMY(_,2) -- TA](3_2) =¢ r)DRI30T

I')UMMY(3,3) = TAI(3t3) • I')CRDnT

FS -- 5

DO 200Q I = 1_3

TFMPl(I,]) -- VXTRUF.(1) + DUMMY(I,'I)

TFMPI(?,I) -- VYTRUEII) ÷ DUMMYI2,'I)

TFMPI(3,1) --' VZTRHF(|) ÷ DUMMY(3,'I)

CALL MATMIIL f TI A,' 3_, 3,' TEMPl ,,l ,Ar)OT )

CALL TRTAr_

DFLVDII,'FS,'I) = DI - DITRUF_(1)

DFLVI3(2,FS,']} = D2- D2TRtJEll}

13_LVD(3,F._,'I) = 1")3 - D3TRUE(I)

FS = FS + 1

?Of)O CC1NT ] NIIF

REAr)(5,p 20) DELAZ, FFIPV,' FI PV

WRITF: 6_,]qo) DFLAZ,'F['IPV,'FIPV

r)uN_Mv I.,I) = I"AIII,'1) * _FLA7

DIIMMY I_.2) -- TAI(I_.2) '_ FDPV

rtlIMMY 1,3) = TAI(],3] • FIPV

_IIMMY 2,1) --- TAI(?,I) '_ F_ELA/

nlIMMV 2,?) = TAI(2_2) ¢ FnPV

F)IJMMY 2,p3) -- TAI(2_.3) _' PlPV

D_IMMY _,1) = TAI(3.,I) _' DFLA/

DUMMY 3,2) -- TAI(3,2) '= FF}PV

F)IIMMY(3,3) = TAI(3,3) == FIPV

TFMPI(I_.I) = I.

TF_Pl(2,2) = 1.

TFI_PI(3,?,) = I.

m'1 2300 K = ],'3

DN 2200 I = 1,3

130 21OO J = 1,.3

TRI(I,J) = TRISAVII,J,F_,I)

2100 Cr}NT ] NIIF

_200 CDNT 1NIlF

TFMPI(2,p]) = DtlMMY(3,'K]

TFMPl(3,p]) = - DUMMYI2tK)

TFMPl(|t?) = - DUMMYI3,,K)

TFIWP](3,2) = DUMMY(],_K)

TF_MPllI_3) = DIIMMYI?,'K)

TFMPl(2,3) = - DUMMY(|,K)

CALL MATMItLfTFMP]t3,'3,'TBI,j3.pTFMP?)

r)r) 227r_ t = 1_3
nr) 2250 M = ]t3

TP, ISAV(LtlW,'I=Stl) = TFMP21L,M)

27_0 CDNT I Nlli::

p?7=_ CnNT 1NHF

FS = FS + l

2300 Cf]NT I NtlF

FS = I

RI:'TtlRN

END

PA_F O_
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SIIRRnUTINF INPlIT2

]NT_GFR FStF_MAX

COMMQN OMFG(3,3),TLI(3,3)tTEMP](3_50)tTEMP2(3,_D),W(3,50)tA(3,50)

l ,WTFMP(3,I),ATEMP(3_I),TISO)tTB](3,3),TIR(3,3),TQ_(3,3It

2 TG_I3,3)tALPHAISO),BETAISO)tTW_I3,3),IAORSF_PP_CON,XMASS,

3 X,Y_?,DFLTStDTOTWOt|FRAMF_VXtVY,VZtNPTS,TTAI_,_),TAYI3,3)

& ,TATnLn(3t3),TA]NEW(3,3)tTTOTAL(27,I_),T/MF,TMAX,XTRIIF(1D)

S ,YTRt_F(10)_ZTRUFilO),VXTRU_IInI,VYTRt_F(10),V7Tglt_flO),

AInOT,A2DOTtA30OT,DELRA(3,27,10),DFLVDi_,?7,1o),nI,D2tn3,

7 DITRttF(IO),D2TRilF(IOI,D3TRUFfIO),nOTOLD(3,3),DOTNFWi3,3)t

AXnLD_AXNEW,AYOL_,AYNFW,A7OL_,AZN_W,VXnLn,VXNFW_VYnLn,

q VYNFW,VZOLD,VZNFW,GXt_Y,_Z,DT(27,]O),TRTSAVI3,3,27,1n)

COMMON FS_E_MAX,IOPT_IVAR,IFIIS=tPAR(7_7),ECM(7,7).ADOTI3_3)_

I FI_nT(3,3I,_FL(3,II,FNPI,PInTWntPI

2 ,I_ORR,I_RLT,IUNITS,RRATF,IFS_IFSMAX,TRA(_,3),TA_(3,3)

,RMAX_THFTAF,R_THFTA,KFLY,FN

4 ,RSSI(IO),RSS2(IOI,RSS3(IO),RS_IIO),_S_(I_),RS_(TD)

,RSST(l_ItFRRMAG(27),FRRDC(3,271,HOLD(l_),SAVF(]_),

FI2MATI3,l)_F14MAT(3,l)_Fl_MAT(3,|I,OIIANT,A_M(10),PSn(|_),

7 PS_F(IDI,KF,IC_N

| KS_AC_NSS(5},FCnNSS(5|,_IIMMy(_,3I,ICHAN_

? ,]_HMF,IWDSII_C_MPFO_NSS_DFLXI(27,lO),DFl YI(_7,)_}_

bFI_VXII_7,]_I,DFLVYI(27,]h),DFLV/I(PT,IO},DFL/I(PT,ID)

,F13MAT(3,l),F15MAT(3t])

1_ FQRMAT(16TS)

I_ FORMAT lFlS.n,15)

2_ F_MAT(_F|5.R)

_ F_RMAT(3_HnATTITUDF CONSTANT IN INFRTIAL F_AMF)

_4 F_RMAT(33H_ATT|TU_F CONSTANT IN L_CAt. FRAMF)

_B F_RMAT(30_nATTITUDF |NTF_RATF_ OPFN L_OP)

6n FORMAT(ALl,FLIgHT SF_M_NT TFRMINATFD WHFN RADItI_ FXCFFnS,F|_.R,

l 4_ FT,I

_K FnRMAT(46_OFLIGHT _F_MFNT TFRMINATFD W_Ff,I RAnII|K _FFnS,F|_._,

] TH _FTFR_)

7n F_RMAT(ASHOFLI_HT SF_MFNT TFRMINATFn WHFN T_FTA FXC_FnR,FI_.R,

1 R_ RAnIANS)

PO FORMAT(_6_OFLT_HT SF_MFNT TFRMINATFD WHFN RADIIIS _XCFFDS,_|5.R,

l 1_H FT. nR nN TIMF)

R5 FnRMAT(AAHQFLIGHT SFGMFNT TFRMINATFD WHFN RARIII_ _XCFF_,FI_.R,

I IRH M_TFRS DR DN TIMF)

qO FnnMAT(3_nFLI_HT TFRMINATFD WHFN TIME FXCFFDS,FI_._,_H RFC.)

]]h F_RMAT(_3_nTRANSFORMATI_N MATRIX FROM L FRAMF TO INFRTIAL F_AMF /

| 3I_X_F]S.R) / 3(SX,FIS.R) / 3(_X,FI_._))

120 FRRMAT(IHI,_H TRAJFCT_RY DATA FOR FI.I_HT SF_MFNT ,|2)

}_ FnR_ATI3_THIS |S A PnWFRF_ FLIGHT SF_MFNT)

13_ FORMAT(3OHOTHIS IS A FRFF FLIGHT _FGMFNT)

]K_ FDRMATI2qH_TARIILAR _ATA IS ACCFLFRATI_N)-

1An F_RMAX(31W_TABHLAR RATA IS _RFCIFIC F_RCF)

17n FORMAT(3_HOTARIILAR nATA IS IN INFRTIAL FRAMF)

IR_ F_RMAT(3OWOTARIILAR _ATA IS IN AIIX. INFRTIAL FRAMF)

Ion FORMAT(gOH_TARIILAR DATA IS IN B_DY FRAMF)

Pnn F_RMAT(3_OTABIILAR DATA |5 IN WIND-AXIS F_AMF)

?]_ FDRMAT(2AHOINTFGRATION INCRPMFNT =FIS.R,_H SFC.)

2Pn FQnMAT(4n_TAR!ILAR _ATA IS IN THF FDLLOWIN_ FORMAT // |_X,AHTIMF,

] IAX,2HWX,2_X,2HWY,2_X,PHW_ / _3Xt2HAX,23X,2HAY,23X,2HAZ / _lX,

2 SHALPHAe22Xt_HRFTA)

22_ FORMAT(// 2|HRTABIILAR DATA FOLLOWS // oXt4NTIMF,15X_2HAX,|AXt

l 2HAY,lhX,2HAZ,lAXt2HWX,lAX,2HWY,IAX,_HW/)

224 FNRMATIT(3X,FI_.R))

227 FORMAT(// 21HDTABtILAR DATA FOLLDWS // lOX,_MTJME,lAX,2HWX,ITXt2HWY
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1 ,17X,2HWZ)

27_ FnRMATI6(_Xe_IS.R))
230 FnRMAT(1Hn,F1S.R,3(IOX,F]5.RI / lflX,3(IOX,FIS.R)

1 ))

TTFNP = TFS -

WRTTF(6,I?O) ITFMP
R_AD(5,10) KFLYt|CHANG

_N TN flO_N,2NOO),KFLY
100O _RITF(6,1_5)

RFAO(5,1N) IVAR_IOPT

GN Tn f110n,12NN|,IVAR

llOO RFA_5,1_) RMAX,N

FN = N

FNPl = FN * Pl

IF(IIINIT$ .F_. 0) GN T_ 1120

WRITF(6,flO) RMAX

RMAX = .3n4R _ RMAX

_N Tn 12_0

]120 WRITF(_,_) RMAX

_n TN 12_n

]PnO RFAD(_20) THFTAF

WRITF(fl,Tn) THFTAF

l_¢n _ Tn (I_A_,I?7h,12BO), INPT

l?AO WRITF(fl,SN)

GN TN 42on

]_7o WRTTF(6,_4)

_N Tn 420n

]_QN WR|TF|6,_Q)

R;AD(5,15) DFLTS,IFRAMF

WRITF(6,2]O) nFLTS

DTnTWN = .5 * DEIT$

GN TN (1300.1310,1320,I_30), IFRAMF

|300 WRITFIa,IRn)

nN 1305 I = 1,3

RFA_qS,20) (TLIII,J),J=I,3)

]305 CNNTINIIF

WRIT_(6,1]O) ((TLI(I,J),J=I,3)_I=I,3)

_N TN 1600

1310 WRITF(6,170)

_0 T_ 140_

IZ2N WRITF(6,2no)

_0 TO 1400

I_0 WRITF(h,laO)

1600 RFAO(_,IO) NDTS,IDORR

WRITF(6,2_7)

_N IASN I = I,NPTS

RFAD(5,20) T(ll,W(1,1),W(2,1),W(3,1)

IF IT .GT. I) _N TO 1420

TTT = T(1)

1420 TII) = T(I) - TTT

WRITF(6,22R) Til),W(I_I),W(2tl)_W(3,1)

1450 CNNTINtlF

GN TO 41fl0

2000 WRITF(fl,130)

RFA_IS,IO) |FUSF_IFRAMF,NPTS,IANR£F,|AORLT_IDNRR

_0 Tn (2100,2200,2300,2400), IFUSF

2100 RF_(5_2N) RMAX,DFLTS

IF(IItNITS ._0. O) GN TO 2120

WRITF(fl_flO) RMAX

R_AX = .3_4B * RMAX

_N Tn 2_0n

/ IflX,2(IOX,FIS.R



2120

??00

?_ON

2_?5

P7OO

?ROO

PaNN

_ONO

3100

317q

31o_

3?00

37_0

1

3_00
_0o

_qO0

3_0

3bOO

WRITFt6,Q&) RMAX

Gn TN 2_nn

RFA_I_,201 RMAX,DFLTS

IFIIIINITS .FO. 01 GO TO 2220

WRITE(6,601RMAX

RMAX = .304R • RMAX

GN TO 2_on

WRITF{6t&5) RMAX
GO TO 2_On

RFADI5,20) TMAX,DELTS

WRTTEI6_Q01TMAX

_n To 2son

RFAO(5,20) THFTAF,DELTS

WRITFi6,?_) TH_TAF

WRITF(6,?I01DFLTS

DTNTWN = .5 • DELTS

GN _n [2flOOt27ODvSRNO,SqOO),IFRAME
WRIIFI6,InO!

DO _fl25 I = 1,3

RFAO[5,20) {TLI(I,J),J=I,3}

CNNTINIIF

WRITF(6,1]01 ((TLI(I,JI,J=I,3),I=I,3)

_0 Tn 3nOn

WRITF(6,170)

_n TO 300O

WRITFlfl,SOfl)

_n Tn 3nOn

WRITF(6,1o01

GN TO (3100,3150),IAORSF

WRITF(6,150)

GO _n 3175

WRITFlfl,I_O)

IFIIFRAM_ ._0. 3) GN TO 320Q

WR]_Ft6,2_3)

nN _105 I = I,NPTS

R_ADIS,20) T{I)tWII,I),W(2,1),WI3tl),A(I,I),A(?,I),AI3,1)

IF (I .GT. 11 _N TO 31_5

X2 = T{I)

T(II = T(1) - X2

WRITFI_,??4) TIII,All,I),A(2,1),AI3,11,W(I,I),WI2,1),W[3,1)

CONTINUF

GN TN 3_00
WRITFlfl,2?01

DN 3300 I = I,NPTS

RFAN(5,SN) T(1),W(I,I),W(2,I),W(3,1),A(I,I),A{?,I),A(3,1),ALPHA(1)

1 ,RFTAIII

IF (I ._T. I) GO IN 3250
TTT = T|I)
TII) = T(ll - TIT

WRITF16,230) T(1),W(I,I),W(2,1),W(3,1),A(I,II,A|2,1),A{),I),

ALPHA(I},BETAll)

CNNTINHF

_0 TN 13qno,3flO0), IGORLT

_n 3&SN J = I,NPT5

OO 3_25 I = 1,3

AIl,J) = q._O665 * All,J}

CNNTINUP

CONTINtlF

GN TN _OO0
IF(IUNITS .FO. 01 GO TO _O0O

D_ 3h50 J = ItNPT$

PAnF (]4



00 3fl25" I = 1_3

A(I,J) = .304Q * A{I,J)

36_5 CNNTINUF

3fl50 CNNTINHF

4000 GO TO {4100_4POO)_IDORR

4]00 nn 4150 J = |tNPTS
At.PHA{J} = 1.745F-2 * ALPHA(J)

BFTA(J) = 1.745_-P * BFTA(J)

O0 4125 I = I_3

W(I.J) = 1.745F-2 * WII,J)

_17_ CNNTINLIF

4150 CNNTINIIE

GN TN 4200

4]&n GO TN (4]A_,_2NO},IDDRR
4165 nO 4175 J = I,NPTS

_N 4170 I = 1,3

W{I,J) = 1,745F-2 * W(I,J)

4170 CnNTINtIF
417_ CnNTINUE

4200 RFTlIRN

FNO

PARF O_
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_URRNtlTINF FRRCAL

INTFGFR FS,FSMAX

CNMMNN NMFA(3,3),TLI(3,3)_TFMPI(3,50)_TFMP2(3,SN),W(3,Sn),A(3,50)

1 ,WTFMP(3tl),ATEMP(3,1)tT(50)tTBI(3,3),TIRI3,3),TR_(3,3),

P TGR(3t3)tALPHA(SO)tRFTA(50)tTWR(3t3),IANRSF,RP,_CONtXMA_,

3 X,Y,Z,DELTStDTNTWNtIFRAMFtVX,VY,VZ,NPTS,TIAI3,3),TAI(3,3)

,TAInLD(3,3)tTAINFW(3,3)tTTOTALI27,1n),TIMF,TMAX_XTRII_(]O)

S ,YTRIIF(IO),ZTRUF(IO),VXTRtlF(In),VYTRIIFI]O),V/TRIIF(In),

A AInnTtA2DOT_A3DOT_ELRA(3,27_IO),DFLVn(3,27,1n)tN|,_2,n_,

7 _ITRIIF(IO)tD2TRIIF(IO)tD3TRUF(ln),DnTNLD(3,3|,DNTNEW(3,3),

R AXNLRtAXNEWtAYOLntAYNFW_AZOLDtAZNEWtVXOLDtVXNFW,VYRLR ,

q VYNFW,VZNLDtVZNFW,GX,AYtG/,DT(27,10),TRISAV(3,3_27,]O)

CNMMNN FS,F_MAX,InPT,IVAR_IFUSFtPAR(Tt7),ECM(7,7),AnNT(3t3),

] FInnT(3,3),_FL(3,1),FNPl,PIOIWO,Pl

2 ,InnRR,I_ORLT_ItlNITS,RRATF,IFS,IFSMAX,TRA(3,_)tTARI3,3)

,RMAX,THETAF,R,THFTA,KFLY,FN

,RSSI(ln)tRSS2(In)tRSS3(ln)_RSS4IIOI,RSSS(]n),RS_h(In)

,RSKT(IN),FRRMAG(?7),FRRnC(3,27),HOLn(]n),SAVF(|O),

A EIPMAT(3,1)tFl_MATI3, I),FlAMAT(_,I),OtlANT,ARM(]_),PS_(IN),

7 Psn_(IOI,KF,ICON

CnMMNN AMP55(IO),FRFO(IN)_nCNS(3_IN),_CS](3,_),DC52(_,Sl_

1 KS_ACRNSS(S)_FC_NS_(5)_IIMMy(_t3),ICHAN_

2 _ISCHMF,IWDSI/_COMPFO,NSS_nFLXI(27,lO).DFLYI(77,IO),

3 nFLVXI(?7,1Nl,NELVYIIPT,lO)tnFLVZI(27,lN).DFLlI(?7,1N)

4 ,_]_MAT(3,II,FI5MAT(3_I)

DIMFNSInN HRLOI(3)

FRRMAG(12) = _.

FRRMAG(IR) = n.

FRRMAG(2_) = _.

FRRMAG(27) = _.

K_IINT = n

_n lOO l = 1,3

H_Ln(I) = N,

H_L_I(]) = n.

]n0 C_NTINUP

IF(NSS .F_. O) _N TO 2snn

DO ]NON N = I,NSS

TFMP = SINIPlnTWO • FRFO(N) / COMPFO)

An TN (2On,3OO_&OO)_ ]SCHMF

2nO FRR12 = _,72F-2 • (AMPSS(N) / FRFO(N))

GO Tn son

_n TN 5n_

HRLDll) = HnLRll) + FRR12 • DCnSII_N)

750 CONT INIIF

Innn CnNTIN¢IF

_N 1_OO N = I,NSS

A_ TN (11_N,12NO),ICON

11nn FRRI7 = 2.4 = ARM(N) = AMPSS(N) ¢_ 2

An Tn l)nn

IPNN FRRI7 = 1_._ • ARM(N) = AMPSS(N) == _

13hh _n 1375 I = 1,3

HnL_Ill) = HNLDI(|) + FRR]7 * DCNSII,N)

137_ CNNT INIIF

|Ann CN_,T INI)F

SlIM = n.

_IIMI = n.

on Isoo I = 1,3

511M = SI;M + HNLDII) ** 2

** 2

_* 2 • CNMPFD • TFMP

_ _ • C_MPFD _ TPMP _

IFRFO(N) / CNMPFO) *_ 2

IFRFO(N) / CNMPFO) **

136
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SIIMI = SHMI + HOL_I(I) *_

ISO_ CnNTINIIF

_RR_AGIIP) = SORTISHM)

FRRMAG(27| = SORT(SlIM1)

nn 2000 I = 1,3
FRR_C(I,I?I = HNLD(I) / FRRMAG(12)

?OR_. CRNT|NIIF

?_00 FRRMAGilS) = 1.015 • 2. _* i-IWDSIZ) • COMPFO

Nn 2QO0 I = 1,3

HOLn](I) = n.

HnLD(I} = O.

2qO0 CONTINUF

IF(KSS ,_O. O) GO TO 67OO

DR 5000 K = I,KSS

TEMP = FCnNSS{K) I COMPFO

ERR|& = .127F-_ = OUANT _2 = ACONSS(K) * TFMP

IFITFMP ._F° .B) GO TO 350D

Gn Tn (3n_O,_IOO93200),ISCHME

_nno FRR]4 = .1_ • ACONSSIK) _ ? / CnMPFO

_n TN 3&O0

3100 FRRI4 = .164 • ACONS$IK) _ _ • FCnNSS(K) I CDMPF_ ?

Gn Tn 36_n

_200 FRRI4 = .2&n • ACRNS_(K) =_ 2 = FCDN_S{K) _¢ 3 1 CD_PFO =_ 4

GO TN 3ann

_SOO _RR14 = .lO_ • ACONSS(K) _ _ I FCNNSS(K)

SAVF(2) = _CSI{3,K) * _C_?(I_KI - nCSI(ItK) • _C52(3_K)
SAVF(_) = _C_I(I,K) = _CSP(P,K) - _CS](2,K) _ DCSP(],K)

DO 400_ I = 1,3
_lO(l_ = wnLn(l) + FRRI4 • SAVF(1)

HOLDI(I) = HOLDI(I} ÷ FRRI& _ SAVF(1)

4000 CgNTINUF

SO00 CNNTINIIF

_IIM1 = O.

_0 _000 I = I,_

_IIM = S|lm ÷ HOLDII ) == P

SLIM1 = Silel ÷ HNL_II|) ** P

&NO0 CNNT 1NIIF

FRRMA_II_) = S_RTIStIM)

FRRaAG(?41 = SORT(SIIM[)

_N _O0 T = 1,3
_RR_CII,I_) = .5773_

FRRDC(I,IR) = HOLDI]) / FRRMAGI1R)
FRR_C(I_I) = 057735
TF(DIIANT ,go. o.) An Tn. _4no

FRR_C(I,?4) = HNLDI'(I) I FRRMAG(_4I

nn 7n 65nn

&6n_ FRRDC(I,?A) = O.

&_O C_NTINIIF

GN IN 6qO0

_70o _n 6ROO ] = 1,3

FRRD£II,I_) = ,57735

FRR_C(I,_I) = .577B5

FRRDC(I,24) = O.

_nn CNNTINIIE

_ono n_ 70_0 I = 1,3

TFMP?(I_II = FRRDC(I,1RI

DI;MMY(I_I) = FRRDC(It24)

IFINSS .F_. O) GO T_ 6q_O
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TFMP1(],]| = FRRr)C(It'I2)
C,n Tn 7ONO

_q=;o TEMPI(],}.) = O.

7000 CRNTINIlF

CALL MAT_IIL (TRC., 3 t 3, TFMP |, ], F) ?MAT)

CALL MATMtIL (TBG, 3,3, TEMP2, I, FIAMAT )

CALL MATMIIL ( TRC., 3 t 3, nIIMMY, I, F I &MAT)

Drl 7_00 I = 1,3

TFMP2(] tl) = FRRr]C(|,I5)

7=,Of) CrlNT l NIIF

CALL MA TMIIL ( TRC, _,3,3, T EMP 2 .p ]., F 1 '?,MA T )

Drl RNO0 l = 1,3

PI?MAT(I,I) = FRRMAG{12) * FI?MAT(I,I)

F]3MAT(Itl) = FRRMAC_(15) * FI._MAT(I,,I)

E|4MAT(I,|) = FRRMAC,(II_) * _14.MAT(I,I)

FI&MAT(],]) = FRRMAC.,(24.) * F]&MAT(I,])

ROON CNNT INIIF

FRRMAC,(2|) = O.

IF(KF .FO. N) GN Tr] qOTN

TFMP = 2. * CNMPFO / PI

Dr] 8025 K = 2.=.KF

_AVF(K) = 1. / TFMP * PSDF(K)

On25 Cr]NT INIIF

XN = (ALNr_(PSr)(2)) - ALRC_(PSD{])))/(ALOG(PSr_F(?))-ALNC,(PSrIF(])))

TAll = 1. / TFMP * PSDF(])

C = PSD(|) / (TFMD _' TAll) _"* XN

GD Trl [RO._S_RO4.S,RO55),TSCHMF

l_O_S DN[:::W = (SIN(TAIl) / TAll) ** 2 _ C • {Tt:MP X, TAll) ** XN
Gr] TN R('}flf_

flr_4.5 DNFW = (SIN|TAll) / TAIl) *X, 4. * (C • (T{:MP * TAll) =* XN) ** ?

Gr] Tn ROan

Rflr}5 nNFW = SIN|TAll) *# F_ / TAil *xx 4. * (C _' {TFMP • TAIl) ** xN) ** ?

R(3f_O nn gr)3O K = ?,KP

]F(K .FO. _) GFI TR ON70

XN = (ALRC_(PSn(K)) - AEnf:.lPSrilK-I)))/(ALrlh(P._DF(K)) -

I ALNC[ P._DF ( K-I } ) )

C = Psr)fK-I) / (TFMP * TAIl) ** XN

R070 r)TAlt = Pl * P_nF(K-|) / (4.0. * CNMPFO)

DTAIJN2 = ,A * r)TAII

_(%RO TAll = TAll + DTAII

DC)LD = nNPW

_n TN (RDQO,CPI30(3,pWOI(")),I_CHMF

l_f_qo DNI::W = (_;TN(TAII) / TAI.I) *#. 2 _., C x', ITFMP x, TAll) ,_::= XN

_r] TN qo2_

Of)O{') DNFW = (SIN(TAll) / TAIl) =* 4, _ (C Xz (TFMP _ TAll) _ XN) ** 2

r,n TN qr]20

qol(3 fINFW = SINiTAII) ** fl / TAll ** & * {C * ITFMP * TAll) *_', XN) ** 2

q(3?O FRRMAC_(21) = FRRMAC,(2]) + DTAIJN2 * (DNLD + DNFW)

|FITAI_ + nTAII .LT. SAVF(K)) C,FI TD RORO

IFIKNIINT .FD. |) GN TO qf_?_

DTAII : SAVFIK) - TAll

'IFfDTAll .1=O. (3.) r_n TO g13_O

KrlIINT = ]

DTAIIN2 = .5 * DTAll

r.rl TN l_nRr_

qD_=_ KNIINT :

O _"_ 0 Cr]NT | NIIF

GN TN (gO40,qOSO,i. qOAO)_ISCHMF

QOAN FRRMM",|?]) = ,14.R * FRRMAG(_I)

rm In qr]Tn

qo=_n FRRMAG(2]) t ,0326 / CrlMPFO * FRRMAG(21) 1[,}_
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ao_o

qo7o

qOfl5

qn_7

GO TN 0070

_R_MA_I21) = .0177 I CnMPFO * ERnMhG(?I)

_IIMMY(I,I) = FRRDC(|,21)

CnNTINIlE

CALL MATMIIL(TRG,3,3,DtlMMY,I,_ISMAT)

DO 9067 I = 1,3

FISMAT(I,]) = FRRMAG(2]) * EISMAT{It])

C_NTIN_IF

FRRMAG(13)

FRRMAG(]4|

PRRMA_(16)

FRRMAG(171

PRRMAA(IO)

FRRMAG(2D)

_RRMA_(P?}

FRRMAG(P3)

_RRMA_(25)

PRRMAGIPh)

= _RRMAG(I?)

= FRRMAG(12)

= PRRMAG(]5)

= FRRMAG(15)

= PR_Afi(18

= FRRMAG(IR

= _RR_AG(2|

= FRRMAG(21

= FRRMAR(2_

= PRRMAGI24

FRRnC 1,1_ = N.

_RRDC P,l_) = FRROC

FRRnK 3,1_) : O.

FRRn_ l,l_) = O.

_RRnC 2.1_) = O.

FRRDC 3.14| = FRR_C(3_]_

_RRDC 2.1P) = n.

PRRnC 1,1_) = O.

FRR_C 2,1_) = FRRDC(2_] _

FRRnC 1,17) = O.

_RR_C(2,I?) = D.

PRR_CI_,I?) = FRRDCI_I_

FRRDC(3,]_ = D.

FRR_C(I,lq = O.

_RRDC(2,10 = FRR_C(?,IR

FRR_C(3,IQ : N.

_RR_C(I,PD = O.

FRR_(3,20 = FRRDC(3_]B

FRP_KI2,lP = D,

_PRnC(I,?? = O.

FRRDC(2,2_ = _RRDC(?,?]

FRRNC(3,??) = O,

FRRgC(I,?@) = _.

PRRDC 2,P3) = D.

(2,17)

FRRnK 3,23)

FRRnc 2,_1)

ERRn_ 3,21)

PRRDC 1,2_)

FRR_C 2,2_)

FRRDC 1,26)

FRPnC(2,2A)

FRRDC(3,2_)

FRRDC(2,2i)

R_TIIRN

FNn

= FRRr)C(3,21 )

= O.

= O.

= O.

= FRRDC{ 2,?_)

= ('}.

= O°

= Oo

= O°

--' 0,,

1,.%5
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StJBRntlTINF BALLIS

INTFGFR FS,_SMAX

COMMAN RMFG(3t3)tTLI(3,3),TEMPt(3t_O)_TEMP?|3,50),W(3,_n),A(_,SO)

l ,WTFMP(3,1),ATEMP(3,I),T(SO),TRI(3,3),TIB(3,3),TR_(3,3),

7 TGB(_,3)_ALPHA(50)_BFTA(50),TWBI3,3),IAARSF,Rp,_cON,XMA_S,

3 X,Y,Z,nFLTS,DTOTWA,IFPAMF,VXtVY,VZ,NPTS,TIA(3,3),TAI(3,_)

4 ,TAInLD(B,3),TAINFW(3,3),TTnTAL(27,]O),TIME,TMAX,XTRItF(]O)

S ,YTRIIP(]O),ZTRUF(IO),VXTR(IF(IA),VYTRIIF(|O),VZTRIIF(IO).

6 AInnT,A2nOT,A3DnT,DFLRA(3,27,ln),_FLVn(3,27,lO),Dl,Dp,D3,

7 nlTRIIF(IO),D2TRIIE(IO),D3TRI;F(I_),_OTOI_D(3,3),nOTNFw(3,3),

P AXPLn,AXNEW,AYOL_,AYNFW,AZOLD,AZN_W,VXOL_,VXNFW,VYnLO,

0 VYNPW,V/nLD,VZNEW,GX,AY,_Z,nT(27,]O),TBISAV(3,3,27,In)

COMMON ES,FSMAX,IAPT,IVAg,IFI;SF_PAR|TtT),FCM(7,7),AnOT(3,3),

] FInnT(3,3),DFL(3,1),FNPl,PTnTWO,al

2 ,InARP,IGORLT,ItlNITS,RRATF,IFS,IFSMAX,TBA(_,3),TAB(3,3)

,BMAX,THFTAF,RtTHFTA,KFLY,FN

4 ,RS_I(IO),RSS2(IO),RSS3(IO),RSS4(IO),RSS_(In),RSSa(]O|

,RSST(]O),ERRMAG{27),ERRnC(3,27),HOLDIIO),SAVF(]O),

FI2MAT(3,1),EI_MAT(3,1),F]_MAT(3,I),OIIANT,ARMIIOI,PSO(]O),.
7 PsnF(IO),KF,ICON

C_MM_N AMPS_fIO),FRFO(ln),DCDSf3,IO),DCSI(3,5),_CS2(3,_),

] KSS,ACDNSS(5),FCONSS(_),DIIMMY(3,3),IC_ANA

P _lSCHM_,IW_SIZ_CAMPFO_NSS,_FLXI(27,]n),nFLYI(27,]O),

3 DFLVXI(27,10),DELVYI(?7,lo),nELVZI(27,]n|,DFL/I(PT,]O)
,FI3MAT(3,1),F]SMAT(3,])

In FORMAT(2QWOTFRMINA L RADIUS _IIT _F RAN_F / IhX, &_mMAX =FIS.R,]OX,

l 13HR APA-APSIS =FIS.R,]OX,I_HR PFRI-APSIR =_IK.R)

20 FORMAT(3OHnRADIIIS FXCFFDS TERMINAL VALII; / ]nX,&HRMAX =FI_.R,

1 I_X,3HR =EIS.R,1OX,SHFTA =FlU.R)

FORMAT(//4oHOCIRCULAR _RRIT - TFRMINATI_N ON RAOIIIS IINRFFINFR)

FORMAT(// _IHOTERMINATI_N CONDITI_N N_T SATISFIED IN RANGF OF TARIt
LAR nATA )

DIMENSION TIAOLD(3,3|

DIMENSION XI(3,3),CR_SS(3,3),CRQS_2(3,3)

_ATA((XI(I,J),I =I,3), J = 1,3) /I.O,O.,O.,O.,I.0,O.,_..O.,].O/
TWQP| = 2. • Pl

KDIINT = 0

X=XTRUF(IFS-I)

Y=YTRtlE(IPS-I)

/=/TRIIF(IFS-I)

THFTA = 0.

V = _ITRIIF(IFS-I)

_AMMA = _TRIIg(IFS-I)

BALLISTIC TRUTH MODEL

FLAM_A = (R • V _ 2) I (GCRN * XMASS)

I_(IVAR .FO. _) GA TO I000

TFRMINATING ON RADIUS

TFfFLAMPA ._F..05 .ANn. FLAMDA .LF. 1.05) _n Tn psno

SnLVE HIT FOUATIQN FOR PRINCIPLE VALIIF OF THFTA

RQL_ = R

0 = FLAMDA * SIN(GAMMA) =_

C_SFTA = 0 - ].

SINFTA = O = TAN(PlOTWO - GAMMA)

CALL AGONY (SINETA,COSFTAtFTA)

IF(FLAMOA ._F. I.qR) G_ TO &OO
TFMP =-FTA ÷ IFN + 1.) = Pl

RN= (ROL_ _ FLAMDA = SIN(GAMMA) *= 2) I ((l. - C_S(TFWR)) ÷

;?5

3O

1

] FLAM_A = SIN(GAMMA) t SINIGAMMA - TEMPI)

TEMP = TFMP + Pl

RN] = (ROLD = FLAMDA = SIN(GAMMA) == 2) / ((]. - C_S(TFMP)) +

PA_ 02
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PA_F N_

I FLAMnA _ 51N(GAMMA) * SIN(GAMMA - TFMP))

XMIN = AMTNI(RNtRNI)

XMAX = AMAXI(RNtRN1)

|F(RMAX .LT. XMIN) GO Tn 200 •

|F(RMAX ._T. XMAX) GO TO 200

1El RMAX .FO. RN} GO TO 250

IF(RMAX .FO. RN1) GO TO 275

THFTA =-FTA+ (FN + 1.) * Pl + PT = ( ABS(RMAX - RN) / AR_(RN - R

I NIl)

GO TO _OO

200 WRITF(6,10) RMAX,XMAXtXMIN

5TOP

_50 THFTA =-FTA÷ (FN + 1,) _ P!

Gn TN 700

275 THFTA =-PTA + (FN + _.) • P|

nO Tn 7nn

400 IF(FTA .LT. PI) _N TR 4_0

|F(RMAX ._F. R) GO TO 410

THFTA = 2. * FN *(-FTA+TWOP|)

Gn Tn 60O

41n THFTA = ?. tITWOP|-FTA)

GO Tn flOO

470 |F(RMAX ,_E. R) GN TN 50_

WRITF(6_20) RMAX,R_FTA

STOP

_OO TOOT = (ROLD * FLAMDA = SINIGAMMA) == _1 /IR_=P_iFLAMDA * 5]NiGAMM

] A) _ COS(GAMMA - THFTA) - STN(THFTA)))

THFTA = THFTA + TDnT* (RMAX - R)

600 R = (RnL_ * FLAM06 * SINIGA_MA) *= 21 / ((I. - CNS(THFTA)) ÷ FLAMO

1 A * SIN(GAMMA) * SIN(GAMMA - THFTA))

IFIARSIRM_X-R) .LF. 10.) GO TO 700

nn TO 50o

700 VNLO = V

GAMn|_n = _AMMA

CALCIII. ATP GAMMA AND V

V =VOlD * SORT(l, - 2. / FLAM_A * (1. - I1. - CO_(THFTA))/ (FLAM_

1 A * _INfGAMnLn) ** 7) - SIN(_AMOL_ - THFTA) I_INIG_MRLD)))

GAMMA = ATAN((ROLD / R) * FLAMDA * SINIAAMDLD) =_ 2 / (FLAMDA

1 _IN(GAMNLn) * COS(GAMOLO - THFTAI - _IN(Tw_TAII)

IF(GAMMA .GT. 0.) GO TO 1100

GAMMA = GAMMA + PI

GO TO 11OO

C TFRMINATING ON THETA

C SOLVF HIT EOIIATION FOR R

I000 ROLO = R

THFTA=TH_TAF

R = (RNIO * FLAMRA * SIN(G_MMA ) == 2) I ( (I. - EOS(THFTA)) +

1 FLAMOA • SIN(GAMMA ) • SIN(GAMMA - THFTA))

GO TN 700

1100 |F(FI AMDA ._T. 2.02) GO TO l_OO

IF(FLAMDA ,GF. l.gfl) GR T_ 1750

C SRLVE ELLIPTICAL TIME FOUATION F_R TIME IN FLIGHT SF_MFNT

J = THFTA /(?. * Pl)

THFTA = THFTA - FLNATIJ) * 2. * PI

FK = GC_N _ XMASS

FH = voln ** _ - 12. * FK / RNln)

FMA_H = ARS (FH)

A = FK / FMAGH

TAll = 2. _ Pl * SORT(A _ B / FK)

TEM = SIN(GAMOLD) * COS(o5 * THETA) - COSIGAMOLD)*SINf.5*THFTA)

TEP = SIN(,5 *'THETA) * SORTI2. I FLAMDA - 1.)
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C

l_O0

CALL AGONY (TEPtTEMtTEMP)

1175 TEMP = TFMP * (2. * SIN(GAMOLOI) I(FLAMBA * (SORT(2. I FL&MOA - I.

1 ) ** 3))

TFMP = TEMP +(|CnTAN(GAMOLO) * (1. - COSITHETA))+ (1. - FLAMDA) *

l SINiTHFTA)) / (ROLD / R * (2. - FLAMDA)))

TIME = TFMP * (ROLD / (VOL_ * SINIGAMOLD)))
TIMF = TIME ÷ FLOAT(J) * TAil

THETA = THFTA + FLOAT(J) * 2, *PI

GR TN 2000

SOLVE HYP_RRnLIC TIME EOIIATION FOR TIME IN FLIGNT SEGMENT

TEMP = SORT(I. - 2. / FLAMDA) / (CRS(GAMOLD) - COTAN(._ * THFTA)

1 * _IN(_AMnLD))
TFMP = .5 * ALnGI(1. + TFMP) / (1. - TEMPI)

TFMP = TEMP * 2. * SINIGAMOLO) / (FLAMDA * SORT(1. - ?. / FLAMnA)

1 ** _l
TFMP = TFMP + ((CnTAN(GAMnLn) * (l. - CnS(THETA)) + (I. - FLAMDA)

1 * _INITHETA)) / (ROLD / R * (2. - FLAMDA))I

TIME = TFMP * (ROL_ / (VnLD * 5IN(GAMOLD)))
GO TN 2000

C SOLVE PAR_nLIC TIME EOItATI_N FOR TIMF IN FLIGHT _F_MENT

17_O TFMP : TAM(gAMOLD) * (2. ÷ l. / COSIGAMnLD) ** 2)
TFMP = TFMP + TAN(.5 * THETA - GAMOLn) * (2. ÷ 1. /COS(.5 * THFTA

1 - GAMnLD) ** 2)
TIMF = TFMp * (2° * ROLB * SIN(GAMOLD) ** 3 / (3. * VnlDl)

?000 IF(InPT °FO. 3 .AND° TIME .GT. T(NPTSII GO TO 2400

TTnTAL(1,TFS) = TTSTAL(ltIFS-I) + TIMF
GO TO 2AOn

2400 WRITF(6t3OI

STOP

?500 WRTTF(6,?5)
STOP

C END nF RALLTSTIC TRUTH MODEL RRX

C CALCULATF A NEW TA| XRANSFORMAT|ON M_TR|X

2600 TEMPIIltl) = CnSfTHETA)

TFMPI(2,2) = TFMPI(I,I)
TEMPl(2,]) = SIN(THFTA)
TFMPIIIt2) = - TEMPI(2tI}

T_MPll3,3) = 1.
TFMP]i3tl) = O.
TEMPI(3,2) = O.

TEMPII1,3) = O.
TEMPI(2,3) = O.

on 2_50 L = 1,3

nn 262_ M ffi 1,3
TAIOLDIL,M} ffi TAI(L,M)

2_75 CnNT INIIE
7_O CQNT INIIF

CAll MATMIIL(TAIOLDt3t3tTFMPl,3tTAINFW)
XTRIIF(IFS) = R * TAINFW(ltl)

YTRIIFIIFS) = R * TAINEW(?,I)

ZTRHFIIFS) = R * TAINEW(3,1I
Dn 2700 l = 1,3

nn 7675 M = 1,3

TAI(L,M) = TAINEWIL,M)
_75 CONTINIIF

270_ CONTINUE

_ITRHE(IFS) = V
O2TRHE(IF_) = GAMMA

_l=V

_2=_AMMA

O3 = D_TRII_(IFS-|) * COSITHETA)
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IFIAFSin3) .GT. 1,E-6) GO TN 2702

D3=O.

7702 D3TRHF(IFSI = D3
CALL VEL_2!

VXTRUF(IF_) = VX

VYTRHE(IFS) = VY

V/TRUF(IFS) = VZ

PRNPAGATF TBI THROUGH THF FRFF FLIGHT PHASF
TSAVE = TIMP

IFIIDPT .NF. 2) GO TO 2705

CALL MATRANITAIOLD,TIADLD)

AVGR = THPTA / TSAVF

2705 ON 2715 L = 1,3

00 2710 M = 1,3

TRI(L,M) = TBISAV(L,MtFS,IFS-I)

_?lO CNNTINUF

_715 CNNTINtlE

IF(INPT .FO. 1 .AND. ES .LF. 11) GN TO 2Q75
IF(InPT oNF, 1) GN TO 27P5

AVGR = 0,

GO TO 2R40

PT_ IP(InPT .PO. 3) Gn TO PQnn

IF(FS .GT. In) GO Tn 2Pln

CALL MATMIIL(TIAOLD,3,3,TBI,3,TFMP?)

CALL MATMtlL(TAINFW,3,3,TFMP?,3,TBI)

GN Tn 2q7_

_RIO CALL |NVFRS(TBI,TIB)

O0 2813 I = 1,3

TEMPI(I,]) = TAIOLO(It3]

2R13 CONTINUE

CALL MATMIIL f T| Rt 3,3, TEMPl, I, DUMMy)

K = FS - 10

IF(K ,GT, 1) GO TN ?R40
_0 Tn (2R?O,_A22_?R24),I$CHMF

?R20 FRR = .SRI* (AVGR ** 2 / COMPFO)

GN Tn 282_
2R22 FRR = .122 * (AVGR ** 3 1 COMPFO)

Gn Tn 2R2_

_R24 FRR = 4,RSF-3 • (AVGR _ 5 / CnMPFO)
2R26 TFMP = (AVER + FRR) * T_AVF

Cn_T = C_(T_MP)

_INT = SINIXFMP)
TFMP = I, - COST

CRNSSI],! = O.

CRNSS(1,2 = - DUMMY(3,1)

CR_SS[I,3 = DUMMY(2,1)

CRNSS(2,1 = DUMMYf3,|)

CRNS_(2,2 = O°

CRN$$(2,3 = - DUMMY(I,I)

CRNSS(3,] = - DUMMYI2,1)

CRNSS[3,?] = OtlMMY(I,I)

CRnSS(3,3) = n.

CALL MATMItL(CRnSS_3_3,CRNSS,3_CROSS2)

on 2R35 I = 1,3

on 2B34 J = 1,3

TFMPI(I,J) = XIII,J) + TFMP * CRNSS2(I,J) + SINT * CRNSSII,.I)

TFMP211,J) = TBIII,J)
2R3_ CNNT]NUF

2R35 CnNTINUF
CALL HATMIIL ( TFMP2_ 3,3_TFMP], 3_ TR ] }
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7_.N nN 2_45 I = 1,3

TFMPI(I,I) = FRRDC(I_,ES) * FRRMAC,(FS) + DIIMMYIT,]) * AVC_R
?B4_ Cf'INTINitF

SUM = O.

DN 2R47 I -- 1,3

SIPM = SlIM + TFMPI(Itl) ,w_ 2

2R47 CnNTINtlF

_UM = SORT(._UM)

CNST = cns(SUM * TSAVE)

%INT = SIN(SUM =v TSAVE)

TFMP = I. - CnST

13n 2A4q I = It3

TFMP?(],I) = TEMPI(I_,]) / SUM

7fl49 CNNT INUF

CRnSS 1,1} = N,
CRnSS 1,2) = - TFMP?(3,1)

CRNSS 1,3) = TEMP2(2,1}

CRnSS 2,1) = TFMP2(3.pl)
CRnSS 2,2) = O.

CRNSS 2,3) = - TEMP2(1,1)

CRr)SS 3,1) = - TEMP2(2,1)

CRnSS 3,21 = TFMP2(I,I)

cRnss 3,3} = O.

CALL MATMIIL (CRNSS, 3,3,CRNS5,3, CRf)SS2)

nn 2B55 I = 1,3

r)n ?_56 J = 1,3

TFMPlII,J) = XI(I,J) + TFMP * cRnss2(I,J) + SINT ,_ CRNSSII,J)

TFMPP(I,J) = TBI(I,J)

21_$4 CONTINIIF

_RSS CONT ]NUF

CALL MATMIIL(TI:MP2,3,3,TFMPl,3,TBI)
nn Tn 2q7_

29OO I_:(FS .GF. ? .ANn. FS .LF. IO1 aN TN 3NOO

IFIES ,C_T, 1o) r,n TN 2qns

CALL DATCN2

TMAX = TSAVF

CALL MATMIIL (TGR, 3,31, W, I, WTFMP)

r_n TN 2qPn

?Qn5 CALL MATMIILITC, B,3,3,W_,I,WTEMP)

CALL ERMnnS

2qPN NMFG(2,1 = WTFMP(3,])

NMPC_(I,p = - NMFG(2,1)
NMFG( ] _,3 = WTFMP(2_,I )

nMFC_13,1 = - NMEG(I,3)

nMFG(3, ? = WTFMP(1,1)

CIMFC,(2,3 = - NMEG(3_,2)

CALL MATMIIL(TBI,3t3,1")MEC,,3,r)OTNFW)
J = 1

TIM_ = O.

7QP_ TIME = TT_ + r_F_LTS
IFITIMF .LT. TIJ+I)) GO Tll 2g50

J = J+ 1

;>qSO CALL INTPlT(TIJ),W(3_,J),T(J÷I)vW(3,J,_I),TIMF,TFMP]('_,]))

CALL INTPl T(T(J) ,W(?9 J),T(J÷ 1 ),W(?t J+ ] ) ,TIMF,TFMP] I?, I) )
CALL INTPLT(T(J) ,W( 1 _ J),T(J÷ ]) 9W( 1 v J+|) ,TIMF,TFMP] ( ], ] ) )

CALL MATNqlL (TGB, 3 _ 3, TEMPI, I,WTFMP)

]F(F5 .NF. 1) CALL ERMNr)_

NMFG(3,2) = WTFMP(I,I)

nMFC,(2,3) = - nMEC,(3,2)

NMFG(I,3) = WTFMP(2_I)

NMFG(3,I) = - NME(';(tt3)
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nMFG(2,1) = WTFMP(3t])

NMFG(I,2) = - NMEG(2,1)

DR 2q60 L = 1,3

ON 2q55 M = 1,3

OnTNLDIL,M} = _NTNEWIL,M)

?q55 CNNT INUE

7960 CNNTINIIF

CALL MATMIIL(TBIv3,3tOMFA,3,DOTNFW)

DO 2q70 L = 1,3

00 ?qfl5 M = ],3

TRI(L,M) = TRI(LtM) ÷DTnTWN* (DNTNLD(L,M) + DNTNFW(L,M))

?gfl5 CnNT I N|IF
?qTO CNNT INH_

IFITIMF ÷ OFLTS .LT. TMAX) GO TN 2q25

IF(KNUNT .PO. 1) GD TO 2q73

_TSAVE = _FLT5

OFLT$ = TMAX - TIME

]_(DFLTS .FO. O.) GO Tn 2q73

KDIINT = I

OTNTWO = .5 * DELTS

_n Tn 2q25
2073 OELTS = OTSAVF

OTOTWO = .5 • _FLTS
KnlINT =

_q75 NR 2OA5 L = ],3

_D 2q_O M = 1,3

TRISAV(L,M,FS,IFS) = T_I(L,M)

?qBO CNNTINIJF

2qR5 CRNTINII_

GO Tn 330n

3000 DR 3100 I = 1,3

DN 3050 J = 1,3
TEMP2(I,JI = TBISAV(I,J,I_IFS-$)

3050 CnNTINLIF

3]00 CNNTINUF

CALL INVFRS(T_MP2,TFMPl)
CALL MATMIIL(TRI,3,_,TEMPI,3,TFMP?)

on 3?00 I = 1,3
DN 3150 J = 1,3

T_ISAV(I,,(,F_,IFS) = TFMP2(I,JI

3150 CNNTINIIF

3?00 CnNTINHF

3_DO I_IES .FO. FSMAX - 11Gn Tn 33_

FS = FS + 1

Gn Tn 2705

3350 F_ = 1

DO 3320 T= 1,3

DR 3310 J = 1_3
TRISAV(I,J,?7,1FS) = TBISAV(I,J,I,IFS)

3310 CONT INtlF

33PO CnNTINIIF

C CRMplITF FRRnR PRORARATInN MATRIX

C SET lip TARL_ nF PARTIAL DERIVATIVES

TFMP = R l RDLD

_ING = SIN(_AMNLO)

SINGSO = SING ** 2

SINT = SINITHFTA)

$1NGMT = _IN(_AMNLD - THFTAI

CNST = CnS(THFTA)

PAR(I,I) = TFMP * (2° - T_MR * SINGMT I SING)

PAR(I,2| = R s TFMP * (C_S(GAMOLD - THETA) / SIN_ - SINT /

OA_P _7
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] (FLAMDA * SINGSO))

PAd(I,2) : - PAR(I,2)

PAR(l,3) : 2o * R * TEMP / VOLD *(|. / TEMP - SINRMT / SING)

PAR(I,4) = R * TEMP * (2. * 1. / TPMP * CDT_N(GAMRLD) - SIN(R. *

1 _AMDLD - THFTA) / STN_SO)

PAR(2,2) = 1°

T_MP = VOL_ ** 2 / (FLAMDA * V)

PARIty]) = TFMP / ROLD * (]o + SIN_MT / SIN_ - 2. * RRLn / _)

P&R(3_2} = TFMP * ( SINT / (FL_MDA * SINGSO) - COS(GAMRLD -
I THFTA) / SING)

PARIty3) = TFMP / VRLD * (FLAMDA - 2° * (]. - COST) /

] (FL6MDA * SINGSO))

PARIS,4) = TFMP * (SINT / SINGED - I7. * (1. - CDgT) / (FLAMDA

] _IN_S_) = CnTANI_AMnLD)I)

TFMP = R/PnLD

PAR(4,1) = TFMP / RNLO _ STN(GAMMA) * SINIGAMDID - _MMA - THFT_)

] / STN_

PAR(4t2) = - (CDSIGAMMA) ** 2 + TFMP _ SING _ _TNGMT - Cn_T /
| IFLAMDA * ROLD))

PAR(4,3) = 7. * ROLD / VnLD * PARI4,])

PAR{4t4) = TFMP _ _INIG_MMA) * SIN(2. • GAMDLD - _aMMA - THFTA) /
l _TN_SO

PARIh,6) = TFMP * COST

PAR(_7) = g * _INT / SING

DAR(7_I = SI_tITHFTA + _MM_ - GANDLD) / ROt n

PAR(7_7) = _TNITHFTA + _AMMA) / S|NG

TRLAM = 2° / FLAMDA

C_SG = C_SI_AMALD)

CDTT2 = CnTANI.5 • THFTA)

IFIFLAMDA .GF. 1.qR °ANn. FLAMDA .LF. 2.02) _N TR 3_nN
IF(FLAMDA °_T° 2.n2) GN TN _on

Xl : CnTAN(_aMNLn) _ (1. - CNST) + (l. - FLAMD^) _ _]NT

×2 = SING * CRTT? - C8S_

X3 = AT_N|SQRTiT_LAM - 1.) / X_)

X4 = X2 _ ? + TnLAM - ].

X5 = RAIn / (VOL_ = SIN_)

X_ = ROLO I R

PAR(5,5) = ].

TFMP = X] /( I (?. - FLAMO_) * X_) _ ?}

TFMP = TFMP = (2° _ FLAMDA = X_ / V8LD + (7. = (?. - FLAMOA)) *

1 ((]o - CAST) / (VDLD • FLAMDA * SING_D)))

TFMP = TFMP -- ((2. = FLAMD_ * 5INT) / IVRI. D _ (P. - FLaMDA) • X_))

TFMP = TFMP + ((4° • S_NG * (1. + .fi _ TOLAM) • X_) / (FL&MDA *

1 VDID * (TOLAN - l.) *= ?off)]

TFMP = TFMP - ((4. * SING * X_) / (VALD • IFLAMDA • (TRLAM - ].))
l ** ? * X_))

TFMP = T_MP * X&

PAg(5,3) = TFMP - TMAX / VOLD

TPMP = - FLaMDA • 5TNT / fRDLD * (?° - FLA_nA) _ _6)

TFMP = TFMP + (FLAMDA * X] / IRnLO * (?° - FIAMD_I _= _ * XA))

TFMP = TFMP +((( 1° - COST) * X1) / ((2= - FLAMDA) _ R_LD _ FI A_DA
1 _ SINGSO _ Xh ** 2))

TFMP = TFMP - (_. • SING • X2 / (RRLD = (FLAMDA * (T_LAM - 1,)) =_

] ? • X4))

TFMP = TFMP - X3 _ ((2° = SING) / |FL_MDA * ROLD _ (TOLAM - I.) ==

1 I°K) - Ih, * SING) / (FL&MDA *_ ? , ggLr) * ITOI. AM - I,) **
2._))

TEMP = TFMP • X5

PARlOr]) = TPMP ÷ TMAX / RRLD

TF_P = 2. * (I, - CART) * COSG / (FLAMDA • STNGSD * _IN_)

TFMP = TFMP - COSIGAMOLD - THFTA) / SING

166

P_ _R



TFMP = TFMP ÷ SINGMT * COSG I SINGSO

TFMP = TPMP • IX] / (12. - FLAMnA) * X6 _ 2)I

TFMP = TFMP + (COST - 1o) I ISIN_SD • 12. - PLAMD_) * X_)

TFMP = TEMP - ((CnS_ _ CnTT2 + SING) _ 2. * SING / ((2. - FLAMn_)

1 • X4)}

TFMP = TFMP + (2. * COSG _ X3 / {FLAMDA • (TQLBM - 1.) e_ ]._))

TFMP = TFMP • X5

PAR(S,_) = TFMP - TM_X * COTANi_AMnL_)

TFMP = SINT / (FLAMDA * SINGSO)

TFMP = TFMP - COS(GAMOLn - THETA) / SIN_

T_MP = TFMP * (- X1 / ((2o - FLAMDA} * X6 *_ 2))

TFMP = T_MP + ((CnTAN(GAMnLD) • SINT + (1. - FLAM_A) _ CD£T) / (

I (2. - FLAM_) * X_1)

TFMp = TFMP ÷ (SINGSO / ((2. - FLAMnA) * X4 • KTN(.R * THFT_) _*

I ))

PAR(_,2) = TFMP _ X5

Gn TQ 3Rnn

_OQ PAR(_I) = TM_X I RQL_

P&R(_t_) = - TMAX / V_LD

PAR(_,4) = _. • TMAX _ CnTAN(GAMOLO) + 2° • ROL_ _ _IN_SO / VOI_

_n Tn 3_on

3_nn XR : I. - CnST

X] = COTA_(_AMOL_) • X_ + (]. - FLAMn_) _ STNT

X2 = COSG - C_TT2 • STN_

TFMP = £ORT(I. - TnLAM) / X?

X3 = ._ • (ALn_((1. + TFMP) / (l. - TFM_}))

X4 = T_L_M - 1. + X2 _ 2

X5 = RnLn / (V_LD = SIN_)

X6 = RRLR / R

X7 = (1. - TRLAM) *= 1.5

TPMP = FL_MRA • S]NGMT + XR / _ING + (2. - FLAM_A) c x_ / (FLAMe8

1 _I_) )

XEMP = X_MP - ((_. • FLAM_ • _INT) / (VOL_ _ (2. - FLAM_A) • X6))

TFMP = TFMP - (((_. _ S_NG • X3) / ((FLAMDA - 2.) _ X7 _ VRIoO))

1 _ ((}. - T_LAM) - 3. / PLAMn_)}

TFMP = TPHP - ((4. • STN_ _ X2) / (V_l__ _ FLAM_A _ 2 _ (1. - T_

P_(5,_) = TFMP _ XS - TM_X / V_L_

TFMP = (2. _ X3 _ SING • (5. - FLAM_A)) / (X7 • FI__M_A _ R_Ln *

TFMP = TFMP+(((FLAM_A / (ROLO _ (2. - FLAM_) _ X_)} = (Xl / (2.

1. - FL_M_A) - SINTI)I

T_MP = TFMD + ((X1 * XRI / (ROL_ * FLAM_A * S|NGSO _ (2. - FL_M_)

I _ X_ _* 2))

T_MP = TFMP - ((2. _ SING * X2) / (RQL_ • (FLAM_A - _o) _ 2 _ X4

1 ))

PA_(R_I) = TFMP • X5 + TMAX / _QL_

TFNP = (2. • X_ • CQSG) / (FLAM_ * SIN_S01 - CnS(_AMnLn - THFTA)

TPMP = T_MP + (SINGMT _ COSG / SING)

TFHP = TFMP _ (Xl / (SING • (2. - FL_) _ X_._c 2))

TPMP = TPMO - (XR / (SIN_SO • (2. - FLAM_A) * X_))

TFMP = TFMP + ((2. • SING * (_ING + COTT2 = CN_}) i (x4 • (FLAMn_

1 - 2.)))

TPMP = TFMP + ((2. * COS_ * XS) / (FLAMDA • X?))

PAR(S,6) = TFMP * X5 - TMAX • C_TAN(GAMOLD)

P6nP Oq
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TFMP = STNT I (;LAMrlA * _ING)

TFMP = T_MP - CrlS(r, AMOLI_ - TNFTA)

T_MP = TPMP * (- XI / (SING * (2. - FLAM[)A) * X_ ** 2))

TEMP = TFMP - (SINGSO / ((FLAMDA - 2.) * SIN(.5 * THETA) ** _

! X4))

T_MP = TFMP + I(CQTAN(C, AM[")Lr)) * SINT + (1. - FLAMI')A) ,_: C.nST) /

} ((2. - FLAM[')A) * XF,))

PAR(=i,2) -- TFMP * X5

PAR(_.,5) = I.

3ROb PAR(&,&) = R * COST / RnLr)

PAR(?,?) = SIN(THFTA + C.AMMA) / SING

nn _qon K = ] , 7

r)f] 31_50 L = 1,7

FCM(K,L) = PAR(K,L)

3R50 CnNT INItF

_ c)r_O CnKtT I NLIF

r)n 3Q50 J = 1,7

FCP,_(?,J) = - F:CM(IVAR,J) / I:CN(IVAR,2)

FCM(IVAR,J) = t'}.

_qKO £NNT INIIF

nrl 3Q_f) J = 1,7

FCM(I,,2) = - FCM(I,2)

_q60 CFINT I NIIt:

c,n TO _Snf_

_ A(3(3 TFMPI(I_I

TFMP](2,1

TFLvPI(3, 1

TFMP](4,1

TFMPI(5.,I

TPMPI(_,]

T_MPl(7,1

= _FLRA(I,FS,IFS-I)

= nFLRA(2,E_,IFS-I)/RnLn

= nFLVn(I,ES,IFS-I)

= nFLVn(2,ES,IFS-1)

= _TfFS,IFS-I)

= nFLRA(3,ES,IFS-I)

= nFLV_i3,ES,IFS-I)

CALl MATMIILIFCMt7,7,TEMPl,I_TFMP?)

nFLRA(1,F_,IFS) = TFMP2(1,])

DCI_RA(2,F_,IFS) = TFMP2(?,I)*R

nFLV_(I,FS,IF_) = TFMP2(3,I)

_LVn(2,F_,IFS) = TFMP2(A,I)

DT(FR,IPR) = TFMP_(5,1}

TTOTAL(FS,IFS) = TTnTAL(I,IFS) + PT(FS,IFS)

qFLPA(_,F_IFS) = TFMP_(_I)

_Plvn(3,FK,IFS) = TFMP2(7,I)

_1 = _ITRI=F(IFS) + nPLV_(1,FS,IFS)

n? = _2TRIIF(IFS) + _FLV_(2,FS_IFS)
_ = _TRtIF(IFS) + _FLVR(_tFStIFS)

CALL VFLn_I

nFLVXI(FS,]_S) = VX - VXTRIIF(IF_)

_FLVYI(FS,IF_) = VY - VYTRIIF(IFS)

_FLV71(FS,IFS) = VZ - VZTRtlF(IFS)

TP_PI(I,I) = _FLRA(I,ES,IFS)

CALl. MATMIIL(TAI,3,3,TFMPI,I,TEMP?)

_FI_XI(FS,IF_) = TFMP?(I,I)

RFI_YI(FS,IF_) = TFMP2(2,])

rift 71(FS,IF_) = TFMP2(3,1)

_00 I_IFS .F_. FSMAX) Gn TO kOOO

FS = FS + 1

G_ Tn _nnn

60_0 FS = 1

RFTtlRN
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SIJBROUTINF DATCNI

I_ITFGER FS,FRMAX

COMMON fIMFG(3,3) ,TLI (3,3), TEMPl( 3t 50) ,TF.MP2 (3,50) ,W f3,50), A (_, 50 }

I ,WTFMP( 3_,1 ) ;,AT_MD( 3, I)_T[ 50) ,TBI (3,3 ) ,T IS( .3,_ ) ,TBC.( 3,3 ; ,

? TC,R(3t3),ALPHA(50),BFTA(50),TWB(3,3), IADRSF,RP,_CON,XMASS,

X ,Y,I ,I_FLTS ,DTOTWO, IFR_F,VX,VY,VI ,NPTS,T I A (3,3) tT A( (3,3)

4 , TA IfILD( 3,3), TAI NEW(3,3) ,_TTOTAL ( 27, ] 0 ) ,TIMF,TMAX,XTRUF(IO)

,YTRIIF(IO),ZTRUF(If)),vXTRIIF! IO),VYTRUF(]O),V/TRIIE(IO),

6 AIDOT, AZ_OTtA3F)OTt DELRA( 3t 27,10) ,DELVD (3,27, ]0) ,DI ,f_2,D3,

7 F)1TRUF(10),_STRII_(If)),D3TRUF(IO),DOTOLD(3,3),OQTNFW(3,3),

R AXnLD, AXNFW, _YOln, AYNFW, A 7QLD, AZNFW,VXOLD, VXNFW,VVOLn,

O VYNFW,VT.f_LF), V7 NFW, C_X,GY_,C.Z tNT ( 27,10 ) ,TRISAV(3,3,27,10)

COMMON FS,F._MAX,IOPT,IVAR•IFUSF,PAR(7,7),ECM(T,7),ADRT(3,3),

1 F InfIT(3,3 ) ,DEL ( 3,1 ) ,FNPl , PIOTWO,Pl

? ,IDQRR,IGnRLT,IIINITS,RRATF, IFS,IFSMAX,TRA(3,_3),TAB(3,3)

3 ,RMAX , THFTAF ,R ,THFTA,KFLY, FN

,RS_I ( I0 ) ,RSS2 ( In ),R SS3( I(_ I ,RSS4(I0) ,R SS_ (I(_) ,RSS_, (10)

,R S_7 (]f_) , ERRMAG( 27 } , FRRnC (3,27) ,NOLD110) , SAVE ( ] f_},

FI?MAT(3,1),EI_MAT(3,1),FI_MAT(3,1),QUANT,ARM(I{_),pPSD(I(_),

7 PSDF(IC)) _KF,ICON

COMMON AMP%51 lf)) _FRFOI I0) , DC(_S( 3, I0) ,DCSIq 3,5) ,I_CS213,% ) ,
l KSS,ACnNSs(5) • ECnNSS (_), DIIMMy(3,3) t ICHA_I_

? , I SCHMF, ]WDSI/, COMPFO,NSS, DFLX I 127,10] ,_FLYI (97,10) ,

3 DELVXI(27,1f)),F)FLVYI(27,1f)),I_FLVZI(?7,}O),F)r:LlI(27,10)

,FI._MAT(3, ] ),FISMAT(3,1)

2_0 FORMAT(/// _RNOSPFCIFIC FORCE AND BODY RATES IN IN._TRII_FNT FRAMES

1FOLLOW // OX ,4HTI MF, 14X,3HSFX, 15X,3HSFY, ] 5X,3_SF7, ]aX, ?HWX, 16X,

22HWV,IAX,THWl )

23_ FORM_T(7(3X,FI_.R) )

_36 FORMAT(/// IH_)

INITIALIZATIONS

KOIINT -- (_

TIME = T(1)

J = I

X = XTR_Ir:(IFS -I)

Y = YTRU_iIFS -1}

= /TRIIF(IFS -1)

VXNFW = VXTRt)P(IFS - I)

VYNFW = VYTRUP(IFS - I)

V/NFW = V/TRIIFIIFS - I)

nn 750 L = 1,3

On 500 M =1,3

TRI(L,M) = TBISAV(L,M,I,IFS-])

500 CO_JT INIIF

750 Cf_NT INIIF

C,F) TN (IOf)O,2(_O(_,2250,2320),IFRAME

GALL MATMIIL(TLI,3•3,W,NRTS,TFMPl)

CALL MATMIIL ( TI_I , 3,3, A,NPTS,TFMP?)

nn I700 L = 1,3

;_0 llO0 M = I,NPTS

W(L,M) = TFMPI(L,M)

A(L,M) = TFMPS(L,M)

EnNT I NUF

CONT Ik'UF
_o Tn 2Dnn
J = J+ 1
IF(IFRAMF .GFo 3) Gn TO 23nn

CALL ]NVFRS(TRI,TIB)

_0 2100 I = 1,3

TF.MPI(I,I) = W(I,J]

CONT INIIF

1o00

1}oo

}?no

]_oo

?noo
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CALL MATMIIL I TI B_ 3,3, TEMPl, I t WTFMP)

WXSAVE = Wll,J)

WYS_VF -- Wl_,J)

WZSAVE = WI3,J)

IFfJ ,N_:. 1) _rl Tr} 2200

rlMFC,(2,1) = W(3,])

nMFC_|],2) -- -nMEG(2,1)

NMFC.(I,3) -- W(2,1)

QMFC_(3,1) = -OMEG(1,3)

nMFG(3,2) -- W(1_,I)

OMPG(2_3) -- -nMFG(3_,2)

CALL MATMIILInMFC_,3v3tTBI ,3tDDTNFW)

2200 W(],.l) = WTPMP(I,])

W(2,,l) = WTPMP(2,1)

W(_,pJ) = WTFMP(3,])

r-q Tn ?4no

2250 r)FI 7300 M = 1,NOTS

nO 7270 L = 1,3

WTFMP(L,I) = W(L,M)

ATFMP(L,1) -- A(L,_)

227(I CF)NT INIIF

CALL TRTW_(ALPHA(M) ,BFTA (M) ,TWR)

CALL MATMIgLITWB,B_,3,WTFMP,I,,TFMP])

CALL MATMIIL ( TWB, 3,3,ATFMP, ], TFMP2 )

F)O 2P00 l = 1,3

W(L,M) = TFMP](L,I)

A(L,,MI = TFMPP(L,I)

PPgO CnNT INHF

2_n0 cnNTINUF

2"_20 C,n TO (23RO,40r){1), IAORSF

2350 DO 2_70 I = 1, B

ATPMP(I,,I) -- A(I,I)

237n CnNT INUF

AXSAVF = A(I,I)

AYSAVF = A(P,])

A7SAVF = A(3,1)

CALL MATMIIL ( TR ], 3,3, AT_MP,, I, TFMPl )

A(I,]I = TFN_PI(I,1)

A(2,1) = TPMPI(2,1)

A(_,I) = TPMPI(3_,I)

AXN_W = TPMPI(I,I)

AYN_W = TPMPl ( 2, I)

A7N_:W = T_MPI(3,,I)

nMr:G(2, ] = W(3,1)

{)MFG(],7 = -nMFG( 2,, l )

nMFC_( I, 3 = W(2,1)

pMFC. ( 3, I = -BMFr. ( 1 _,3 )

nMFC.(3_ 7 = W(I,1)

nMgC_( 2, 3 = -r)MFG(3t 2 )

CALl. MA TMI ILI TR I , 3,p 3 _ OMFC.,, 3 _,DOTNEW )

P_BO wXSAVF = w(1,J)

wYSAVF = w(2,J)

WTSAVF = w(3,J)

p4nn r.n Tn 12_._O,2h('}0) , IAORSF

24_0 RCIIRFI_ = _,ORTIX x,_ 2 + Y _,w, 2 ÷ Z _'* 2) _I,* 3

TFMP = - _CQN • XMASS / RCIIBFO

C.X = TFMP _' X

C.y = TF_,iP ,w y

GZ = TFMP '_ Z

IT IIFRA_F .C,T. 2 .OR,, J .NE. I) C.O TO 2500

AXSAVF = A(I,I)
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AYSAVE = A(2,1)

AZSAVE = A(3,1)

AXNFW = A(],I)

AYNFW = A12,1)

AZN_W = A(B,I)

2_00 All. J) = A(I,J) - GX

A(2,J) = A(2,J) - GY

A(_,J) = A(_,J} - GZ

2_no _N 2650 I = It3

T_PI(I,I) = A(I,J)

?&SO CNNTINUF

CALL MAT_t)LITIR,3,3,TFMPI,I,ATPMP)

DR 2700 | = I,_

A(I,J) = AT_MP(I,I)

?ThO CnNTINUF

I_(J .FO. OPTS) _N TN 400N

27£0 TIM_ = TIMF + DELTS

CALl_ INTPtT(TIJ) ,WZSAVF,T(J+]),W(_,J+I),TIMFtNMFh(?,I))

RMF_(I,2) = - nMFG(?,])

CALl !NTPI_T(T(J) ,WYSAVF,T(J+I),W(P,J+I),TIMF,OME_(],3))

nMF_(3,]) = - nMF_(I,3)

CALl_ INTPLT(T(J) ,WXSAVFtT(J+]),W(],J÷I),TIMF,NMF_(_,2))

0MF_(2,31 = - NM_(3,21

DR ?QON L = 1,_

nQ ?RO0 M = 1,3

nNTnLO(L,M) = _NTNEW(L,_I

?QQO CONTINI_

2@00 Cnh'TINIIF

IF(IFRAMF ._&. _) _n TN _O_N

CALL MATPIIL(NMFG_,_,TRI,_,qNThlFW)

_n TN 31nn

_000 CALL MATMItLIT@I,3,_,NMFG,_,_nTN_W)

3100 DO _300 L = 1,3
_n 3200 M = 1,3

370N CnNTINIIF

_00 C_NT|NtIF

IF(IANRSF .¢0. 2} GO TO BflOO

CALL INTPLT(T(J),AXSAVE,T(J+I),AII,J+I),TIMF.T_P](I,I))

CALL INTPlT(T(J),AYSAVF,T(J+I),A(2,J_|),TIMF,T_Pl(?,]))

CALL INTPLT(T(J)_AZSAVF,T(J÷I),A(_,J÷]),T|MF,TFMP)(3,]))

IFIIFRA_F .LF. ?) 60 T_ _40_
CALL MATattL(T_I,),3,TEMPI,I,ATF_P)

_N T_ 3sOn

ATF_PI],I) = TF_PlII_I)

_4_0 CnNTINIIF

_0 AX_LD = A_N_W

AYNL_ = AYN;W

A7NLD = ATNPW

AXNFW = AT_MP(1,1)
AYNFW = AT_MP(2,1)

AINPW = ATFMP{3_I)

VXNL_ = VXNPW

VYNL_ = VYN;W

VZnLD = V7NPW

VXNFW = VXqL_ + _T_TWO • (AXNLD + AXNFW)

VyNFW = VYnL_ ÷ DTQTWO = (AYOLD ÷ AYNFW)

VZNFW = Vl_L_ * _TNTWO * (AZOL_ ÷ AZNEW)

X = X ÷ _T_TW_ = (VXNEW ÷ VXOLD)

Y = Y ÷ _TNTW_ _ IVYNEW ÷ V¥0L_)
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7 = 7 + nTnTWrl =_ (VTNEW + V70Lr))

_.nN I_:(T]MF + nt::LTS .LT. T(J+!)) Grl TO 27=,0

]F(KrltINT .PO. 1 ) r,n TN 3750

r_TSAVF = riFLT.q

REI_T_ = T(J+I) - TIME

I_:(nFLTS .Fn. O.) rm Trl 3750

K ('}1 i_tT =

r)Tr)TwO = .5 • r)FLTS

_n Tn 275n

_7=.O r)FLT_, = r_T_AVF

r)TnTWO = .=, * I'}FLTS

Kf'lIINT = 0

Ig(lAn_Sl: .r:O. 2) GO TO 1500

AXSAVF = A(1,J+l)

AYSA\tE = A(P,J+l)

A7SAVF = A(_,,J+l)

A(1,J+I) = AX_IPW

A(2,J-i-1) = AYNFW

A('_,J+I) = A7NFW

_n In 15on
t, O00 nn 4_00 L = I,_

on 42_O M = ].,NOTS

TI=_P](I.,_) = W(L,M)

TI:MP?(L,MI = A(L,M)

42_0 crlNT l NIIP

4 ¢; r)rt _ i"1kLT '_hll H::

CAIL ,M8 TMIIL ( T_q ,p'3, '_,_ T FMP 1 , NPTS, W )

C81L MATMIILfTF_A_,_,3,TFMP2_,NPTS,8)

WR ITF (_,2_,N)

r_n bOO0 J = I.NPT_

WRITg(_,2_5) T(J) , (A(I,J),I=I,3),,iW(I,J) , ] =1 ,3)

AOF)O cr}NT ] NI_F

NR }'T F ( f_ ,p2_,_ )
RFTIIRN

FNr_
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"C

SII_RnUTTNF NAVIG

INTF_RATFS FOItATInNS
]N]FQER

COMMRN

I

?

4

S

7

R

q

C_MMnN
]

5

7

OF MOTION FRR PQWERFD FLIGHT

PS,_SMAX

OMPCt3,3),TLI(3_3),TEMPI(3,fiO)_TFMP2(3,SO),W(3,fiO),A(3,fiO)

tWT_Mp|3tl)tATEMP(3+_),T(fiO),T_II3t3)t_1B|3,_),T_|3,_),

TQR(_3)tALPHA(50)tBETA(SO)tTWR(3_3)tIAnRSF_RPtGCnNtXMA_5,
XtY,Z_DFLTS_DTOTWO,IFRAMFtVXvVYtVI,NPTS,TIA(3_3),T61(3,31

,TAInLD(3,3)_TAINFW(3,3),TTnTAL(27,]N),TIMF,TMAX,XTnt_(I_)

_YTRUF(IO)_ZTRUF(IOI,VXTRUE(I_)_VYTRI_F(IO),VITRIIF(I_),

A]NOT_A2DNT_A3DOT,DELRA(3t27,]O),_ELV_(3,27,]O),_I,D?,D3,

_ITRIIE(IO),O2TRUE(IOI,D3TRI.IE(IO),DQTOLD(3,_),DOTNFW(3,3),

AX_Ln,AXNEW_AYOLD,AYNFW_AZOLD,AZNFW,VX_LN,VXNFW_VYnLD,

VYN_W,VZOLD,VZNEW,GXt_Y_ZtDT(?7,10),TRI_AV(3,3,?7,IO)

FS,ESMAX_InPT,IVAR,IFIISF,PAR(7_7),FCM(7,7),AnOT{3,_),

FInRT(3_3)_FL(3,])_FNPI,PIQTWO,Pl

,]n_R,IGQRLT,IUNITS,RRATF,IFS,IFSMAX,TBA(3,3),TAR(3,3)

,RMAX_THETAF_R_THFTA,KFLY,FN

_RS_IIO)_RSS21I_),RSSBI_N),RSS4110)tRSS_I]n),RSS_lIO)

,RS_7(IN),ERRMAG(?7)_FRRNC(3t27),HNLD(IO),SAVFI]_),

FI?MAT(_,I),EI_M_T(B,I),FI6MAT(_,I),OUANT,ARM|I_),PS_(]N),

PSNF(IN),KF,ICON

COMMQN A_PSS(IN),FRFO(I_),nCDS(3,10),ncsI(_)_C_2(3,_),

1 KS_AC_NSS(fi),FcnNssIs)_II_Y(_,3),IEHAN_

2 ,I_C_MF,IWnSTZ,CQMPFO,NSS_NELXI(27,1N),D_LYI(?7.]Ol.

N_LVXI(?7,1_)_DELVYII27,]o),nFLVZI(27,In),nFL/I(_7,1_)

,FI3MAT(B,1),FI5MAT(_,I)

]ON FORMAT(// &IHOTERMINATI_N C_N_ITIDN N_T SATISFIF[_ lh_ RANEB fie TARI_

ILAR nATA )

C INITIALIZATInNS

KOIINT = 0

J = 1

TIME = T(I)

THAT& = O.

NO 7_0 l = 1,3

NO _O M = 1,3
TRIIL,_)=TBISAV (L,M,],IF_-|)

_O CONTINII_

?_O CQNTINUE

VXNFW = VXTPU_(I_S - I)

VYNFW = VYTRUF(IFS - I)

V_NEW = V7TRUF(IFS - 1)
x = XT_I_FIIF_ -1)

Y = VTRIIF(IFS -})

l = ITRUFiIF5 -I)

CALL MATMHL(TGB_3,3_W_I_WTFMP)

_MFG(2,]) = WTFMP(3,1)

OMFG(I,?) = - _MEG(2,])
OMPG(],3) = WTFMP(2_])

_MFQ(3,]) = -- _M_Q(I,3)

_M_G{3,2) = WTEMP(|,I)

nMFG(2,3) = -- NMFG(3,2)

EALt MATMIIL(TRI_3_3_OMF_,3tDOTNFW)

CAt. L MATMIIL(TAB_3_3,A,I,ATEMP)

AXNFW = AT_MP|I,I)

AYNEW = ATEMP(2,1)

AINFW = ATFMPl3,I)
GO TO BoNn

4NOn J=l

TIMF=T(])
THFTA=O.

I?L 
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41no

42o0

c

RO00

nO 4200 L=l,3

Dn 4100 M=I,3

TBI(L,M)=TBISAV(L,M,ES,IFS-I)
CnNTINHF

CONTINtlF

Dn shoo I=I,3

TEMPI(I,I) = DELRAIIt_S,IFS-I)

CNNTINIIF

CALL MATMIIL(TAIOLn,3,3,T_MPI,I,TFMP2)

X = XTRII_IIFS - I) + TEMP2(I,I)

Y = YTRIIF(IFS - I) + TFMPA(2,1)

Z = ZTRHF(IFS - I) + TEMP2(3_I)

RNFW = SORT|Xm*2+Y**2+Z**2)

nl = DITRIIFIIFS - 1) + NFLVDII_FS_IFS-I)

n2 = n?TRII_(IFS - I) + nFLVD(2,FS,IFS-])

f13 = n3TRIIE(IFS - I) + _FLVD(3_F_,IFS-I)

CALL TRTD_

ADNT(I,I) = AI_NT

AnnT(2,1) = A2DnT

A_OT(3,1) = A3nnT

CALL MATMtlLfTAInLD,3,3,A_OT,I,FInNT)

VX = FI_nT(I,I)

VY = FIDnT(2,1)

VZ = FInnTi3,1)

VXNEW = VX

VYN_W = VY

VZNFW = V1
CALL MATMIIL_T_R,3,3_W_I,WTF_P)

CALL MATMIIL(TAR,3,3_AtI,ATFMP)

IF (FS._T.In)CALL FRMODS

n_FG (2,I)=WTFMP(3,1)

nMFG(1,2) = -nMFG(2_|)

nMFG (]t3)=WTFMP(2_I)
OMFG(3,]) = -NMEG(1,3)

OMF_ (3_2)=WTFMP(Itl)

nMFG(2,3) = -nMEG(3,?)

CALL MATMIIL(TBI,3_3_OMF_,3,nNTNFW)

AXNFW = _TFMP(I,I}

AYNFW = AT_MP(2,1)

AINFW = AT_mP(3_I)

RF_IN INTFGRATInN LDOP

TIfF = TIM_ ÷ DFLTS

IF(TIMF .LF. T(J+])) GO TO 1OOnO

J = J + ]

_n Tn lnnnn

WRITF(6,1_O)

5TOP

CALL

CALL

CALL

CALL

CALL

CALL

CALL

CALL

]F(FS .GT.I_) CALL ERMQDS

QMFG(2,1) = WTFMP(3,1)

_M_G(1,2| = - _MEG(2_I)

n_(1,3) = WTFMP(2,1)

_M_G(3,I) = - OM_G(]_3)

INTPLT(T(J),WI3,J),T(.N'I),W(3,J+I),TIMF,T_MPP(3,1)

INTPIT(T(J),WIA_J)_TIJ+I),WIA,J÷I),TIMP,T_MPAI?,])

INTPLT(T(J),W(I_J),T(J÷I)_W(I,J+I)_TIMF,TPMP?(],I)

]NTPLT(TIJ),AII,J),T(J÷]),AI1,J÷I),TIMF,T_MP](|,I)

|NTPLT(T(J)_A(2_J)_T(.N'I),A(2,J+I),TIMF,TFMP](?_I)

INTPLT(T(J),A(3_J)_TIJ+I),AI3,J÷I),TIMF,T_MP](3_I)

_ATMIIL(TGB,3_3_TEMP2,1_WTFMP)

MATMIIL(TAR,3,3_TEMPI,I,ATFMP)
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nMFGI3,2)= WTFMP(I_I)

nM_G(2,3) = - QMEG(3,2)
_n IPOO0 L = 1,3

nn llO00 M = lt3

OnTnI_O(L_M) = OnTN_W(LtM)
11_0o CONTINIIE

lPOO0 CONTINUF

CALL MATMIILIT_I,3,3,OMF_,3,DDTNPW)

nn 1.4000 L = 1,3

On 13000 M = 1,3

TBI(L,M) = TBI(L,M) +DTDTWO_ (DflTOLD(L,M) + DOTNFW(L,M))

l_nOn CONTINUF

140n_ CONTINHF

CALL MATMIIL(TBI,3,3,ATFMP,I,TFMPl)

TFMP = - _CAN * XMASS / (SORT(X ** 2 + Y _* 2 + Z **2) _3)

AX = X _ T_MP

bY = Y _ TFMP

_Z = Z _ T_MP

ATFMP(I,I) = TEMPI(I,I) + GX

ATFMP(2,1) = TFMPI(2,1) + CY

ATFMP(3,]) = TFMPll3,1) + G7
AXALn = AXN_W

AYnLn = AYNPW

AZOLn = ATNPW

AXNFW = ATFMP(],I)

AYNFW = ATFMP|2,1)

AINFW = ATFMP(3,1)

VXnLn = VXNPW

VYnLn = VYNFW

VTALn = V/NPW

VXNFW = VXnLn ÷DTnTWO_ IAXOL_ + AXNFW)

VYN_W = VYnl_ +nTOTWn* (AY_LD + AYNEW)

VZNFW = V/ALn +DTDTWO* (AZOLh + AZNFW)

X = X +nTnTWA= (VXNFW + VXnLD)

Y = Y +DTATWO* (VYNFW + VYOLD)

Z = Z +OTnTwn_ (VZNFW + VZnLn)

Gn TA (?Inon,2?ooo,P30On,240_n),IFIlSF

2lOnO IFIFS .GT. I) GO TO 23000

TMAX = TIMF

P2OO0 Rnt_ = RN_W

IFIR_LD-nNFW) 22100,22100,22200

pp]no IF(R_FW ._. RMAX) G_ T_ 22500

Gn _n Bonn

222oo IFIRNFW .L_o RMAX) GO T_ 22500

GO Tn BOOn

22500 CONST = (RNPW - RMAX| / (RNFW - RDLD)

Gn Tn 3nono
_3_00 IF(TIMF + _GLTS .LT. TMAX) _ T_ BOO0

IFIKAIINT ,FO, I) GO TO 23500
RTSAVF = nFLT_

OFLTS = TMAX - TIMF

|F(nFLTS .FO. O.) GO T_ 23500

K_I_NT = 1
nTnTWO = .S _ nFLTS

hn Tn ROOD
73500 DFLTS = OTSAVF

_TATWA = ,_ • OFLTS

K_UNT = 0
VX : VXNFW

VY = VYNFW
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VZ = VZNFW

c.n Tn 30575

24000 RNLD = RNFW

xnl_n = XNFW

YF)LD = YNFW

ZrILr) = ZNPW

XNFW = X

YNFW -- Y

ZNFW = Z

RNFW = SORT(X ** 2 + Y ** 2 + t ** 21

DTNFTA = ARCF)`q((XNF:W * XOLD + YNF:W * YOLD + ZNFW x_ /F)Ln) / (RN#:W *

1 RnLn) )

THFTA = TH_:TA + DTHFTA

IF(THF:TA .r.F. THFTAF) C.N TN 245n('}

GO TN RONn

?_.RnO CF)N_;T = (THF:TA - THFTAF) / DTHFTA

GQ Tn 30nno

_00(_0 vx = VXNFW - CnNST = (VXNF:W - VXNLn)

VY = VYNFW - CQNST * (VYNF:W - VYOID)

VZ = VZNFW - CQNST • (VTNFW - V7nI.D)

X = X - cnNST * DT(ITWO ,w (VXNF:W ÷ VXQLD)

Y = Y - CnNST e. DTQTWO • (VYNFW + VY{]LD)

Z = 7 - CnN._T • _TQTWO * (VTNFW ÷ VZNID)

T IMP =TIMF - Cf_NST ,k _FITS

r)N _NS_N l = 1,3

F)N 3N500 M = 1,3

TBI(L,M) = TB.IIL,M) - CNNST * nTF_TWO * (F)NTnLD(L,Nq) + nnTNFW(L,M))

_O_NN CDNT I NIIF

_a_Rf) CNNT IMIF

3n_75 IF(_:$ .r,T. 11 r,n TO 31_'5N

XTRIP_:(IFS) = X

YTRIIFIIF:S) = Y

/TRIP;(IF_,) = 7

VXTRIIF(IFS) = VX

VYTRIIF(IF`q) = VY

V/TRIIF(IF,q) = VZ

_O 31=,OO ! = 1,3

DN 31000 M = 1,3

TRISAV(I, NI, I,IFS) = TBI(L,M)

'_ 1000 Cr)NT I NIIF

3lsoO CflNT ]NUF

CAt. L Pn£| 2A

DITRIIF(IF`q) = Pl

r)2TRIIF(IF._) = 1")2

D3TRIIF(IF_) = D3

TTCITAL(]_IF,K) = TTI')TAL(]tIF$-I) + TIMF

GN Tn 31(-,_n

31550 TTF)TAL(F.q,IFS) = TTOTAL(FS,IFS-I) + TIME:

DIIFS.,IFS) = TTOTAL(FS,IFS) - TTNTAL(1,1FS)

DPLXI(FS,IF.q} = X - XTRIIF(IFS)

F)FIYI(FS,IFS) = Y - YTRIIF(IFS)

nFLZIIES,IF_,) = Z - ZTRIIF:(IFS)

DFLVXI(F_,IFS} = VX - VXTRI)F(IF.q)

Om:LVYII_:.R,IF.q) = VY - VYTRIIEIIFS)

DFLV/I(FS,I_:S) = VZ - VZTRUF(IFS)

CALL FRRNR

nn __l_,On I_ = 1,3

Dr] "%157R M = 1,3

TBISAV(L,M,FS,IFS) = TRI(L,M)

31'_75 CnNT I NIIF:

31600 CNNT I NIIF:

17G
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3]_0 |FIFS .FO. FSM6X GN TO 3170O

FS = ES ÷ I

Gn Tn 4non

31700 FS = 1

NO 31aO0 I = 1,3
Nn 31790 J = 1,3

TAIOLDII,J) = TAI(I,J)
_]7qO CRNTTNIIF

_IRO_ CnNT]NHF
RFTIIRN

FNn

PA_P O_
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SU_RNUTTNF nlJTPlIT

]NTFGFR _5,FSMAX

CnMMNN nM_G(3,3),TL|(3,3),TEMPI(3_50},TFMR2{3,_N},W(3,_)_(_,_O]

1 ,WTFMP(3,1),ATEMPI3,1),T(50),TRI(3,3),TIB(3,3),TBG(3,3),

2 TGR(3_3)tALPHA(50),_ETA(50},TWR(B,3),IANRSg,RP_GCNN,XMASS°

X,Y,Z,NELTS,DTOTWN,IFRAMF,vxtvY,VZ,NPTStTI_I3,3),TAI(3t3)

4 ,TAInL_(B,3)_TAINFW(B,B),TTNTaLi27,10),TIM_,TM_X,XTRII_(IO)

5 ,YTRII_IIO)tZTRUF(]O),VXTRUF(IN),VYTRIIF(]O),V/TRIIF(]O)_

A AInNT,A2DnTtA3DNT_DFLRA(3,27,]O),OFLVD(3,27,IOI,DI,ns,n3,

? nITRIIFilO)tDSTRUFiIO)_D3TRIIF(IO),DNTOLD(3,_),nnTNFW(3,3),

R AXOLRtaXNEw,AYOL_,AYNEW,AINLD,AINEWtVXOLO,VXNFW,VYNLn,

q VYNFW_VZnLDtVZNEW_GX_Y,_/_DT(27,lO),TRISAV(3,3,27,]n)

CnMMgN FStFSMAX_INPT_IVaR,IFIISF,PAR(7_7)_FCM(7,7),A_NT(3,3),

1 _InNT(B,3),DFL(3,I),FNPI,PIOTWN,Pl

2 ,I_RR,IGNRLT,IUNITS,RRATF_IFS,IFSMAX,TRA(3_3I,TABI3,3)

,RMAX_THETAF,R,THFTA,KFLY,FN

A ,RSSI(IO),RSS2IIO),RS_3(IO),RSS_(IO),RS_5(INI,RSSfl(IO)

5 _RS_7(IO),_RRMAG(27)tERR_C{B,27),HOLD(|O),SAVF(IO)_

FI_MAT(3,1),E14MAT(3,1),FlflMAT(3,l),OI_ANT,ARMtIN),ps_(IN),

7 PS_(IO),KF_ICNN

CNMM_N AMPS_(IN)tFR_O{IO),DCNSI3_IO)_DCSI(3,5),_CS2(3,5),

] KSR_AC_NSS(5)_FCONSS(S)tDIIMMYI3,3)_ICHANG

2 ,ISCHMF,IW_SIT,CO_PFO,N_S,_FLXIiRT,IN),DFLYI(?7,10),

3 OFLVXI(27,IO),DELVYI(27,lO),_ELVZI(27,lO),_LZII?7,In)

4 ,_13MAT(3_I)tFISMAT(3,I)

10 FNRMAT|AHOTRIITH)

_O FORM_TI]flNO_I_I_HT SF_MFNT ,12)

25 FORMAT(3RHNINPRTIAL POSITION AN_ VFLNCITY FNLLnW)

_n FORMAT( /I/ ]_HOFRRNR SNIIRCF ,IP /I)

31 FORMAT(]H_AH X =FIS.R,_H FT._|OX_H Y =FIS.R,AH FT.,INX,AH 7 =FI5

l .R,&N FT. / lX_&HVX =FIS.R_RH FT./SEC,flX,AHVY =FIS.R,RH FT./

2SFC_flX,6HVZ =F15.R_RH FT./SFC)

&O FORMAT(1HNt&H X =F15.R_TH MFTFRS,IOX_4H Y =FIS.R,7H MFTFRR,IOX,

1 AN 7 =F]5.R_TH METFRS / IX,6HVX =FIS.R,IIH MFTFR%/SFC,6X,

? _HVY =F1S.R,1IH MFTFRS/SFC,AX,4HVZ =E15.R,1IH MFTFRS/SFC)

50 FNRMAT(1HNtAX_6HRADIUS_&X,RHVFLNCITY_SX_SHGAMMA,_SX,&HTIMF / IX_

1 FIS.R_H FT._IOX_F]S.R_RH FT°/SFCtlOX_F]5._.SH RAR.,IOX,
2 FI_,R,AH SFC//)

55 FNRMAT(IHN,RX_HRADIIIS,?TXtRHVELNCITY,2flX,SH_MMA,25X,_HTIMF / _,

1 FI_.B,TH MFTFRS,IOX,ElS.R,I]_ METFRS/SFC,INX,FIS°R,_H RAD.,

? IOX,FIS.R_AH SFC//)

AO FORMAT(4HNTBI / 3(SX,FlS.R) / 3(5X,F15.R) / 3(5X,_1_._) //)

AS FNRMATf53HNTRANSITION MATRIX FROM INERTIAL FRAME TN LOCAL FRAMF/

l 3(_XtF15.fi) / 3(fiX,F]_.R) / 3(SX,F15.R) //I/)

70 FORMAT(_HNFCM / 7(&X_EIS.R) / 7(_X,E15._) / 7(_X,_IS.R) / 7(_X_F]_

1 .R) / 7(_X,_IS.R) / 7|_X,FIS.R| / 7(_XtF]5._)/////)

RO FNRMAT(45HOPRRNR PRINTOUT FOR FACH ERROR SOIIRCF FOLLOWS ////)

ql FNRMAT(1HO_qX_RHDELXI(M)_IOX_RHDELYI(M)_IOX,RHOFLZI (M),RX,

I 13HnPLVXI(M/SFC),SX,13HDFI.VYIIMISFC),SX,13H_EI.V_IIM/_FC)/

2 _X,A(3X,FIS.R) /I)

q? FNRMAT(17MOTBI FRRNR MATRIX / 3(SX,FI5.R) / 3(SX,P]5.R) / 3(5X,

I FlS.R) II 27HNATTITUDE ERROR PARAMFTFR =,FIS.R /I)

q3 FNRMAT(IH0,gX_RHDFLRA(M),lOX,RHDELDRiM),IOXtRH_ELCR(M)_RX,

I IBH_FLVELIM/SFC), flX,12H_FL_AM(RADS),flX,I?HDFLPSI(RA_S),

? 6XtI?HDFLTIMF(SEC) / _X,TIBX,EIS.R) //)

Q4 FORMAT(25HOFRRNR SOURCF MAGNITUDE =F]5.R //)

05 FNRMAT(IHO,_X_RHDELXIiF),IOX,RH_FLYI(F),INX,RH_FL/IiF),RX,

1 13H_FLVXIiF/SFC),SX,13HDFLVYI(FISFC),SX,13H_FLVZliF/SFC)/

? 4X,A(3X_FIS.8) /I)

q_ FORMAT(1Ho,qX,RHDELRA(F),IOX,RHDFL_R(_),INX_RH_FLCRIF),RX _

1 13H_FLVEL(FISFC), 6X,12MOELGAMiRADS)t6X,lSHDFLP_I(RADS|,
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2 6X,I?mII_LI'IME(_EC) l 4X,7(3X,FlS.R) ll}

]NO FNRMAT(PRHOSTATISTICAL SUMMARY FOLLOWS}

llO FORMAT ( IHN, I IX, 5HDFLRA, 13X, 5NDFLDR, 13X, 5HNELCR, 13X,&HOFLVFL, IPX,

] 6HfIFLC.AM,12X,aHDFLPSI,IIXt?HtIFLTIMF / 4H RS_,7(3X,FIS.P))

R = SORTIXTRUF(IFS) ** 2 ÷ YTRI.IF(IFS) *_ 2 + /TRUF(IFS) *'_ ?)

ITFMP = IFS - I

WRITFI6,?O) ITFMP

DO 5000 F.(;= I,FSMAX

IF(FS ,C,T. 1) Gn Tn 20on

WRITF(6t IO)

WRITF(6,2S)

IF(IUNITS .FO. O) GO TO 1100

X} = XTRIII:(IFS) * 3.2QI

Y1 = YTRIIP(IFS) * 3.2RI

71 = ZTRm:(IFS) * 3.2R1

VXI = VXTRUF(IFS) * 3.2R]

VYI = VYTRUFIIF:S) * 3.2AI

V71 = VZTRtlF(IFS) * 3.2R1

WRITF(fl,3]) XI,Y1,ZI,VXI,VYI,V/I

R1 = R * "_._AI

nll = DIT_II_(I_S) * 3.2nI

WR ITF (fl,':;n) R 1,011,02TRI;F( I FS), TTNTAL( I, IFS )

r,n TQ 12nn

1100 WRITF(6,,_.n) XTR_IE(IFSI,YTRIIF{IFS),ZTRIIF(IFS),VXTRIIF(IF_),

1 VYTRIJF ( IFS ), VZTRUF(IFS)

WRITF(&,Sc;) R,n]TRI;F ( IFS) ,F)2TRItFt IFS ) , TTQTAL (] , I FK)

}200 WRITF(6,6,0) ((TBI_,_V(I,J,I,|FSI,J=],3),I=I,_}

WRITF(6,6_) ((TIA(I,J),J=],3), I=I,3)

Gn Tn II3nO,_O0n),KFLY

1'_00 WRITF:(6,70) I(FCM(I,J},J=I,7),I=],7)

cm TN soon

2000 IFIFS .F_T. _) F_FI Trl 2500

WR ITF i_,_In)

2':;00 S._ : O.

nN 2700 I = 1,3

nn 2600 J : ],3

TFMPIII,J) = TBIF_AVII,J,FS,IFS) - TRT_AViI,J,I,IFK)

S _, = SS + TFMPlII,J) ** ?
2AOh CnMT |NtIF

2700 CFINT INUF

WRTTFII6,_n) F¢,

CnNT : SD_'TISS)

Xl = XTRIIFIIFS) ÷ NFLXIIFS,IF_,I

Y} = YTRIIFIIFS) ÷ DFLYI(FS,|FS)

II = ZTRIII:ITFS) + DFLZIIFS,IF_.}

VXI = VXTRiII:(IFS) + DELVXI(I:_;,IFS)

VYI = VYTRIIF()'FS) + IIELVYI(F_,IFS)

VZl : VTT_UFIIFS) + IIFLVZIIES,IF._)

WRITF(6,?_)

IF(IIINITS ,FO. (I) C,R TN 2B00

XI = 3._'R] * X1

Y1 = 3.2R'1 w_ y]
Z1 = 3.PI_1 * 71

VXl = 3.?ml * VXl
VY1 = 3.2R1 * VY1

V/.l = 3.2n1 w_ VZl

WRITI= (6,31) XI,YI,ZI,VXI,VYI,VZI

GN Tn 2°,00

?ROQ WRIT_(6,40) XI,YI,ZI,VXI,VY],VZI

?qNO WRITF {fl,F,O) ((TBISAV(I,J,E.K,IFS),J=I,3},I--I,3)

IF(IIINITS .FO. I) c,n Tn 291(I

PS_P o'_



WRITFI_,Q]) nFLXT {E._ IF_ ] _nELYT (F_t TFS) _F)FLTT {FS_ IFS ) ,DFLVXI { FS _

] ]FS) _ DFLVY I I ES_ ] FS ) , DELVZ ! I ES_ TFS )

_n Tn 2q?n

2aln X1 = 3.2R1 = r)FLXIIFSt|FS)

Y] = 3.2_| * r)FLY]{FStTFS)

71 = 3.21_] • r)FLZIiFS_IFS)

VX1 = 3.2R| =_ DFLVXI(ES,IFS]

vy] = 3.21_1 * r)_LVYI(ES_IFS)

VT] = 3.2R1 • rlELVZI(ES,TFS)

WRITF (h_Qq) X1_YI_Z|_VXI_VY1,V/]

?q2N WRTTF(6_q2) |ITFMPlI|tJ) _J=],_}tT=]_l,crlr}T

IF(TIINIT_ .l:O. ] ) _n TD 2q_O

WRITFIh,q_) (DFLRAI I , FS_, ] FS) , T=l _) , (DPLVD( T ,_, TFS ) , T=] , _) ._

_n TD 2QTD

2qSN Xl = _.21_| _V DFLRAI]_,FS_IFS)

Y] = _.2_1 _= rlPLR-_(2_FS,TF5)

7] = _.?_I = DFLR_I3._E_,IFS)

VX] = 3.?R1 * DFLVD(1,F_,]FS)

WRITF(6,q_) X] ,Y | _7 ] _VX] _DFLVD( 2_ FS,_ IF,_ ) _,flFL vn(_,F_. ]F_ ) ,nT (P_,

1 lFg}

_o?o ]F{FS .I_T. 12) _rl In _r_No

IF(F_ .FO. 27) rq_ Tn 4RNN

Dr1 4r_O0 I = 1,3

Slim = SlIM + FRRMA_(FS) • FRRDC(T,FS)

4_DN CnNT TNII_

WRITP (6,o4) SlIM

r,n TN snnn

4_I3N WRITF(b,q/.) FI_RM_(2? )

q N('I N CI'INT I NII_

_I = O.

_$2 = O.

SS4 = O.

S'_ = (1.

SS_ = O.

._$7 = n.

Dn (-,nO0 _ = 2,F_AX

S_l = SS] + D_LRA(1,_S,IF_) *_ 2

SS_ = S_,_ ÷ DFLRAI3,FS,IFS) *_ 2

.(;(;4 = SS_ 4. D_LVr}(I,FS,TFS) _, 2

_S =, = S_g ÷ DFLVD(2,_S.IFS) ** 2

R(;& = SS_ + DFLVI')(_,,FS,IFS) x,x, 2

S_7 = S_? + r)T(FS,IFS) ,_'_ 2

&f_rm CrINT I NIIF

X] = l.n

IF (TIINIT,(; .FL'3. i')) C,0 Tn _Ifm

XI = 3.2RI

_]flf} RS_]IIF5 = SORT(SS] * XI

R_S2(IFS -- SORTIS52 * X]

RSS3(TF_ = _;_t_TISS3 _, X|

Rq54. III:S = SORT(SS4 • X]

RSS_(IFS = SORT( SS_

R q,_-, ( I F S = _OR T ( $S_',

R_TIIF_ = SORT( SS?

WRITF(h,IIt_) RqSI (I FS),R S._2(IFS) ,RSS'_( IFS} ,RSS4( IFS } .R_(IF_),

] RSS6(IFS) ,RSST(|FS)

RFTIIRN
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2NO0

2100

_200

2_00

3000

4nON

_00N

6000

70n0

PnNO

aNON

10n00

11nnO

12000

13000

4

q

7

q

CnMMnN

I

?

SURRQUTINF _RMQDS

]NTFGFR FS,FSMAX

CnMMON nMF_(3_3),TLI(3_3),TFMPI(3_SO),TFMP?(3,qO),W(3,_O),_(3,50)

1 ,WTFMP(3,1),ATEMPI3,11,T(50),TBI(3,3),TIB(3,3),TRG(_,3),

T_(_,_),ALPHA(50)_RETA(SQ),TWFI3,3),IAQRSF,RP,_CnN,XMASS,

X,Y,7vn_LT_9_TOTWn_]FR_M_,VX_VY,VZ,NPTS,T]Si3,31,T_](3_3)

,YTRIIF(lO),ZTRIJ_(10),VXT_IJFIl_),VYTRIIP(10),VTTqlIF(]A),
AIn_T,A2D_T,A300T,_FLRA(3,27,10),_FLV_I3,?7,10),_I,B2,_3,

D1TRtlF(10),D2TRtlF(]O),_3TRLIF(ln)tDOTQLD(3,3I,DOTNFW(3,3),

AXnL_AXNEW_AYOL_,AYNEW_SZOLD_AZNEW_VXOLD_VXNEW,VY_LD_

VYNPW_VZ_LDtVZNFW,GX,GY_Z,_TI_TtI_),T_ISAVI3,3_27_)

FI_RT(3,3)tDFL(3,1),FNPl,PIDTW_,PI

,I_R_,IG_RLT,IHNITS,RRATF,IFS,IFSMAX.TBA(_,3),TABI3,3)

.RMAX,THETAFtR,TNPTA_KFLY,FN

,RSSlflO),RSSP(IO),RSS3(In),RSS_(IO),RSSS(I_),RSq&(I_)

,RSST(]_)_FRRMAGI?7),FRRDCf_,27),H_L_IIO),SAVF(lO),

& FIPMAT(3,1),EI_MAT{3,I),FI&MAT(3,I),OIIANT,AR_(IQ),P_n(]o},

7 PSDP(IO),KF_ICON

C_MMON A_oSSII_),FREOII_),_CDS(3,1_),DCSII3,5).DCS2(3,5),

] K_,_COhISS(5)_FCnNSq(5),_IIMMy(_,_),ICHANG

2 ,ISCHMF,IWDSI/,CnMPFO,NSS,DELXI(27,lO),D_LVI(?7,lO),

3 DFLVXII27,10),_ELVYII2_,IO),_FLVZII27,l_),_LZII77,1_)

,F13MAT(3tl),FISMAT(3,1)

K=PS-IO

_N Tn 120_O,3_N0,_O0_,_O,_NNN,7ON0,ROON,qNNN,INNNN,IIDNO,]?_O,

1 13NnO,l_OOO,lSOON,16000,17_N,IPOOO ),K

_MA_W = SORTfWTEMP(I_I) ** 2 ÷ WTF_P(2,]) *_ 2 + WTFMP(3,I) ** 2)

1F I FMA_W .kT. 1.0F-35) _D TD 2_000

GO TR (21_O,22N_,23OO),TSCHMF

FRRtl = ._Rl_ (FMAGW _ ? / COMPFQ)
GR Tn 2_nn

FRR]I = .1_ _ (FMA_W _ 3 / CRMPFO)
G_ T_ 2sno

TFMP = 1. + _RRII / FMA_W

WTPMP(I,]) = WTFMP(I,I ) = TFMP

WTPMD(2,1) = WTFMPlT_I) • TFMD

WTFMP(3,1) = WTFMP(3,I) * T_MP

_n Tn 2_nnn

WTFMP(1,I = WTFMP(I_I) + FI2MAX(I,]

nN Tn 25nn_

WTFMP(2,1 = WTFMP(?_I) +

_Q Tn 2S000

WTFMP(3,1 = WTFMP(3,1) +

_N TN 2_nno

WT_MP(I,I = WTFMP(I,I) +
_N Tn 2&_oO

WTFMP(2,1 = WTEMP(2_I) +
_n Tn ?_onO

WTFMP(3,1 = WTFMP(3_II +

_n TN 25nn0

WTFMP(I,I = WTFMp(]tl ) ÷ F|4MAT(I_]

GN Tn 250n0

WT_MP(2,1) = WTEMP(2,1) + EI4MAT(2,1

GQ TN 2_nnn

WTFMP(3,11 = WTEMP(3,11 + F14MAT(3_I
_n TN 25on0

WTFMP(I,I) = WTEMP(I_I) + EI5MAT(I,I

_n Tn 2_n00

WTFMP(2,1) = WTEMP(2,1) + _]5MAT(2tl)

_D TO 2_ono

FI2MAT(2,]

FI2MAT(3,1

FI3MATfl,I

FI3MAT(?,I

FI3MAT(3,1
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]_UO0 WTFMP|3tl) = WT_MP(3,|) + F|SMAT{3,1)

_0 TQ 25000
]_o00 WTFMPlI,I) = WTF_Pt],I) + FIbMAT(I,I)

Gn Tn 2_nno

• l&h_o WT_MP(2,1) = WTEMP(2,1) + EI6MAT(2tl)

_n TQ 250n0

ITnQo WTFMP(3,1) _ WTFMP(3,1) + F|_MAT|3,])

GN TN 2_ono

]RONN FMAGA = SnRT(ATFMP(I,I) _ 2 + ATFMP(2,1) _ 2 + A_FMP|_,)) _ 2)

IF ( FMAGA .LT, 1.0F-35) GN TN 2_OOO

TFMP = I. ÷ FRRMAG(27) / FMAGA

ATFMP(I,1) = ATFMP(ltl) * TEMP

ATFMP(2_I) = AT_MP(2_I) • TFMP

ATFMP(3_]) = ATFMP(3tl) • TFMP
2_O_n RFTURN

FN_



SUBRnlITINP _ATCN2

INTF_FR PS,FSMAX

CnMMNN OMPG(3,3),TLI(3,3),TFMP](3,50),TFMP2(3,_O),W(3,_O),A(3,50)

] ,WT_Mp(3,1),ATFMP(3,1},T(5Q),TBI(3,3).TIR(3,_),TR_(_,_),

? TAR(3,3),ALPHA(Sn),BFTA(50),TWR(3,3),IAARSF,RP,_CQ_I,XMASS,

X,Y,7,_LXS,DTDTWn,]FRA_FtVX,VY,VZ,NPTS,T|AI3,3),TA|(3,_)

A ,TAInLn(3,3),TAINFW(3,3),TTnTAL(27,10),TIMF,TMAX,XTRIIP(]_)

,YTRIIFfI0),ZTRUF(IO),VXTRUFIIO),VYTRIIF(IO),VITRIIF(|A),

AlnnT,APnOT,A3DnT,nFLRA(3,27,10),OFLV_(3,27,1Q),nI,_2,_,

7 nITRIIFIIn),DPTRIIF(IO),n3TRUFII_),DOTOLn(3,3),DnTNFW(3,_),

P AXnL_,AXNFW,AYDLD,AYNEW,AZnLD,AZNEW,VXnI__,VXNFW,VYDL_,

g VY_'FW,V/ALD,VZNFW,GX,_Y,G/,nT(27,10),TBISAV(3,3_PT,I_)

CQMMAN FS,_MAX,I_PT,IV_R,IFUSF,PAR(?,?),FCM(?,?),^_OT(3,_),

l FIn_T(_,3),_FL(3,1),FNPI,PIOTW_,Pl

7 ,InARR,IGARLT_IIINITS,RRATF_IFS,IFSMAX,TBA(_,3),TAR(],3)

,RMAX,THETAF_R,TNFTb,KFLY_FN

A ,RRKIflO),RSS2(IO),RSS3(I_),RSS_(IO),RS_(I_),n_S_(]O)

,RRKT(IO),FRRMAG(?7),FRR_C(3,27),HOLD(lA),S_VF(]h),

FI2MAT(_,I),FI4MAT(3,1),Fl&MAT(3,t),OUANT,AgM(IO),P_(]O),

7 PSDF(]_),KF,]Cf]N

CRMMnN AM_(lq),FRFOII_),_cnsI3,I_),DCSI(3,_),_CSS(3,_),

1 KSK,A_n_s_I_),FC_NSS(_),_IIMMYI_,3),ICHANQ

2 ,TS£HMP,IWD_T7,CAMPFO,NS_,DFLXIIPT,IO),F)F; YI (27,]_),

X _FLVXI(?7,1OI,_ELVYI(??,I_),_FLVZI(?7,In),_FLII(??,I_)

A ,FI_MAT(3,] |,FISMAT(_,I)

I(I FFtRMAT(//I "_?H(_BFH_Y RATF5 IN C.YRQ FRAMP FF)II_(]N II OX,_*H'TIMF,]SX,

1 ?HWX, ] hX, 2HWY, ] 6 X _ ?HW7 )

?n FNRMAT(A(_X,F]_.R))

_q FORMAT(/// _H(3)

;NITIAII/ATIA_tS

K rH IN'r =

J = I

TIMF = T(])

]h{)_ CALL MAT_IILITLI,3,3,W,NPTS_,TFMP])

nn l?OO L = I,_

nA II0_ M = I,NPTS

W(L,M) = TFMPl(L,M)

l]OO CnNT ] NItF

1?on CANT 1NtIF

r.r_ Tn 2nhn

]snr) j = J + ]

?nnn C. AI_! INVI:PS(TRI,TIR)

_n 21n(_ I = 1,3

TFMPl(I,]) = W(I,J)

21nf) CrIN'T 1NUF

CALL MAT_I_L (TI R, 3,3, TFMPl, I, WTFMP)

WXSAVF = W(l,J)

WYSAVF = W(P,J|

WISAVF = W(_,,J)

]F(J .NF. 1) GFI T_ 72(]0

QMFG(7,]) = W(._,_I)

fIM_G(I,2) = -nMFC,(2,I)

nMFC.(I,3) = W(2,,I)

QMFG(3,I) =-r)MFC.(1,.3)

AMFQ(3,2) = W(l,1)

nM_G(2,_) ---AMFC.(3,2)

CALL MATMIIL ( TBI , 3,3,AMF_G, 3, _0TNFW) I_3
pTfln Wll,.l) -- WTFMP(1,1)

W(2,J) = WTFMP(?,I)

W(_J) = WTFMP(3,1)

PA_F O2



r,n Tn 2725

22_n Do 2300 u = I,NPTS

r)Q 2270 L = 1,3

WTFMP(I,ll = W(L,M)

2270 CQNT INUF

CALl. TRTW_ (ALPHA (M) tR_TA(M), TWR)

CALL MATMIIL(TWR,3,3,WTEMP,I,TEMPl)

r)n p2oo l = 1,3

W(L,M) = TI:MPIIL,I)

pPQQ CNNT TNIIF

p_nh (ZtINT INIIF

nn Tn 4nnn

;)7;)5 ]FIJ .FO. NPTS) Gn TO _._NO

27=,0 TTVIF = TIMF + DFLTS

CALL INTPI.TII'IJ) ,WTSAVF,TIJ+I)tWI3,J+I),TIMF,nMFr. lP,'J))

nMFC.(I,2) = - nMFh(2,1)

CALL INTPIT(TIJ} tWYSAVF,TIJ+I),W|2,J÷I),TIMF,NMFF.(],3))

NMFF_(3,I) = - nMFC.(|,3)

CALL ]NTPLTITIJ) ,WXSAVF,TIJ+ll,WII,J÷I),TIMI:,f_faFr_I-°',2))

nMFG(2,3) ---- QMFF.(3,2)

nn 2qO0 L = 1,3

I'I;'I2RON M = 1,3

r)NTI_Ir, II_,M) -- Dr3TNFW(L,M)

2Rnn CnNT INIIF
2Q(_fl CI'INX ] NIIF

CALL MA TMIIL (13MFC,,3,3, TB ] , 3, FtNT_IF:W)

nn 330C_ L = 1,3

nn 32on M = 1,3

TP.I(I ,_} = TBIIL,_) ÷ r)TNTWN ,= IDnTOLDIL,MI + rtnTNFW(L,M))

"_2NN CNNT INIIF

"_ f_o CnNT INUF

IF(TIMF + nFLTS .LT. T(J+I)) GN TN 2750

IFIKNUNT .FO, 11 C,N TO 335('1
r_TSAVI: = r)t:LTS

13F:LTS = T(J-_-I) - TIMF:

IF(r)FL'rS .FN. N.) r.N TO _?,Sf)

KN|INT = ]

nTNTWN = .5 ,_ r_FLTS

GN Tn 77_(_

_%_C) I')FLTF; = r)TSAVf:

F_TNTWN = .=, • r_FLT5

Kr)llhlT = fl
_fl TF_ l=,qci

_nnn nn _;oo L : 1,3

nN 425N u = I,NPTS
TFMPI(L,M) = W(L,M)

L?=,N Cr_NT IN(II:

z._ (')0 CnNT INIIP

CALL MATMIIL( TBG, 3,3, TFMPl, NPTS,W)

WRITI:(A,]N)

On 6000 J = I,NPTS

WR ITF(_,,2n) TIJ),(W(I,J),I=I,_)

fl_(_N CNNT INIIF

WR|TF(fl,3n)

RFTIIRN

FNn

PA_P 03



CALCtJLATFS WTND TO BODY AXTS TRANSFORMATInN

_TMENSInN T|_,3)

T(1,2 = $1NIA)
T(?,? = CO_(A)

T(3,3 = Crib(B)

T(_,] = - Tflv2)
T(1,1 = T(2,2) • T(3,3_

T(2,1 = T(3,1) • T(3,3)

TFMP = SIN(R)

T(lv3) = T|2t2) _ TFMP

T(2,3) = T(3,1) * TEMP

T(3,?) : O.
RF_tJRN

EN_

DA_F O_



SIIBRN_IT I NP TIR TAD

I NTFC.P R PK_,PSMAX

CrlMMnN FIMF_I3,3),TLI (3,3),TEMPlI3,pSO)•TFMP2(3,_O),W(3,_O),A('_,_C_)

l ,,WTF_P(3,p I),ATEMP(3, I) ,T(SO),TRI (3,3) ,TTB (3,_),TBC_(_,_),

2 TC.B (3,3) , ALPl,4A (5n) , R_TA (=_r)) ,'rNB (3,3) , i AnR SI: , RP, r.cnN, XMA 5_,

X,Y, / , nF LTS,DTOTWr), I FRAMF,VX,VY,V/,,NpT_,T I _ (3,3) ,TAI (_, 3)

A ,TAInLr}(3,3 ), TAI NFW(3,3) ,TTnTAL ( 27, In) ,T IMF,TMAX,XTRIIF 110)

,YTRIIP (I(3),/TRUFI 1(3) ,VXTRIIF(lf')) ,VYTRIIF (](3),V/TRIIF(lh) ,

AlnnT, A2DOT, A3rlrIT, r)FLR_ (3,27, |0) ,DFLVr)(3,27,10 ) ,r)] ,np,r13,

7 I'_1TR IIF ( |0 ) , n2TRIIF (If) ), D'_TRIIF ( ] _) , nnTr}L _ ( 3 ,_ ) , r)F)TNFW ( 3,3 ),

R AXnLr_,pAXNFW_Ayt')LD,pAYNFW,AZr)Lr),AZNFW_VXOI n,vxl_oFW_VYnl.r_,

q VYNFW,VZrILD,V7NFW,C_X,GY,G7,nT(27,10) ,TB ISAV(3,3,27, I('))

CI3MMnN F%,FSMAx,Ir3PT,IVAR,IFII_F_PAR(7,7) ,_C_(7,7) .AF_I3T(_3,'_) ,

1 _ front (3,3) ,_FL( 3, I ) , FNP] , P ]PTWr), P I

2 ,InnRR,IQQRLT,IIIIUIT_,RRATF, IPS, |FSMAX,TR&(_,T_),TAB(3,3)

3 ,RNqAX • THFTAF ,R, TI-IPT A, KFL Y, FN

4 ,RSSI (I0) ,RSS2( If3),I_SS3(IO),PSS4(I('I) ,R_S_(In),R_S_I lr))

R ,RSKT(I13) ,FRRMAC,(27) ,FRRr}c(3,27) ,DQI. D(II_),S_VF (]r_),

A FI2MAT(_, ] ),FI/-*MAT(3, I),l:l &ML',T(3_,]) ,OIIA_T,A_'M( ]rl),p_,D(}0),

7 P _F')F ( ]O),_KF_ |CQN

C rlMMnN AMP_ ( ]0 ) , FRFI3 ( ] 0 ) _ nCf')_ ( "_, I O) , F)C._ I ( 3,5 ) ,_r)c_2 ( 3 ,=; ) ,

I KRK, ^cnNss(_) , FCI3NSS (_) , rlIIMN_y (3,_) t ICHANQ

? , ] RCNMF, Iwn_I 7 ,cnMPFO,N_, DFLX I (27,1(3) ,F)FLYI (27, ] r)l ,

3 DPLVXI ( 27, IO),DFLVYI (27,1n),DFLVZ I (27, lO),,DFLTI (27,, Irl}

/_ :,P]"XMAT(3, |) _,F] 5MAT(3, ] )

A ]N_T=A,'_AT( I ,,, 1 )

A 2nnT=An(_T ( P ,,I )

A_I3F)T=AF)OT(_, ])

D1 = ._C)PTIA}F_r)T ,_ 2 + A2r)QT ,_* 2 + A3DnT ,_ 2)

CALl_ A_,_NY (APF}FIT, AIDCIT, n2)

]FIARs(r_) .C.T. ].F-&) C.O TO I_C_('}

r_'_ = o.

1o(3_ RFTIIRN

F I',Ir_

PA_P n2

18G



5UBRnUTINF TRTnA

INTF_FR F_,_SMAX

CnMMnN OMF_f3,3|,TLI(3,3),TEMPI(3,50),TFMP2(3,_O),W(3,50),A(_,_O)

I ,WTFMP(3,1),ATEMP(3,1),T(50),TBI(3,3),TIB(3,_),TBG(3,3},

P T_R(3,3),ALPHA(SN),BFTA(SO)_TWR(3_3),IAnRSF,RP,GCQN,XMASS,

X,Y,IvDFLTS,DTOTWO, IFRAMF,VX,VY,VZ,NPTS,TIA(3,3),TAI(_,_)

4 ,TAInLD(3,3),TAINFWI3,3),TTOTAL(27,1n),TIMF,TMAX,XTRIIF(]O)

5 ,YTRII_(IO),ZTRUF(10),VXTRUE(1OI,VYTRIIF(10),V7TRtlF(IO),

AInQT,A2DOT,A3DRT,DFLRA(3,27,10),_FLV_(3,27,lo),nl,D2,_,

7 nlTRIIF(IO),D2TRUF(IO),D3TRHFIIn),DOTOLD(3,3},DnTNFW(3_3),

R AXnLD,AXNEW,AYOLD,AYNFW,AlnLD,A/NFW,VXOLD,VXNFW,VYNI_n,

Q VYNFW,V/OLD,V/NFW,_X,GY,_Z,DT|PT,IO),TRJSAv{3,3,27,10)

COMMON FS,ESMAX,IOPT,IVAR,IFIISF,PAR(7,7)_ECMIT,7),ARPT(3,_),

I FIn_T(3,3),DFL(3,1),FNPl,PIOTW_,Pl

2 ,I_nRR,I_RLT,IIINITS,RRAT_,IFS,IFSMAX,TBA(_,_),TA_(3,_)

,RMAX,THFTAF,R,THFTA_KFLY,FN

4 ,RSRIIIO),RSSPIIO},RSS3(IO),RSS4IIO),RRS_(In),RSSA(]Q)

,P_RTII_),ERRMAQ(P7),FRP_C(3,P7),H_L_(|_),SAVG(lh},

& FIpMAT(_,I),FIAMAT(3,]),FI&M_T(3,l),OIIANT,AP_()OI,PR_(|_},

7 PS_F(IQ),KF,ICON

I KSS,ACnNSS(5),FC_NSSf5),_IIMMY(3,3),ICHANG

P ,IRKH_F,IWDSIF_CQ_PFO,NSS,DFLXI(27,l_),_LYI(2?,]D),

3 DFLVXI(PT,IO),_ELVYI(27,lO)_r)FLVZII27,]O),D_LlI(77,]O)

4 _FI_MAT(3,I),F15M_T(3,1)

AlnnT = _l _ C_S(DP) = TFMP

AP_T = _l * TFMP _ SIN(_P)

A_nT = nl = RIN(n_)

R_TIIRN

FNn

P_P 02



SIPRRnUTINF TRTA|

CALCItLATFS A FRAME TO |NFRTTAL FRAMF TRANSFSRM_T|nN MATR]X

]NTF_FR FS,FSMAX

CAMMAN AMF_(3,3),TLI(3,3),TEMP|(_,_O),TFMP2(3,_O),WI3,RQ)_f_,G_}

1 ,WTFMP(3,1),ATEMP(3,1),T(_O),TRIf3,3),TIR(3,3),TR_(_,_),

2 TGR(3_3)_ALPHA(SD),BFTA(50),TWR(3,3),I_nRSF,Pp,_cAN,XMA55,

X,Y,7,nFLTS_TOTWO,IFRAMPtVX,VY,VZ,NPTS,TIA(3,3),TAI(3,3)

4 ,TAIALn(3,3),TAINFW(3,3)_TTATAL(27,1O),TIMF,TMAX,XTRIIF(In)

,YTRIIF(I_),ZTR(JF(I_),VXTRUF(IO),VYTRIIF(]O),VITRIIF(1A),

7 _ITRIIFIIO),_2TRIIF(I_),D3TRIIF(I_),_T_L_(3,3),_TNFW(_,_),

p AXRL_AXNEW,AYOL_AYNFW,AZ_LD_AZNFN,VXOt. D,VXNFW,VYAL_

q VYN_W,VlnLD,VlNFW,GX,GY,Al,_T(27,IO),TBIS_V(3,_,2?,)O)

CRMMnN FS,FR_AX_I_PT,IVAR,IFIISF_PAR(7,7),FCM(7,7),A_RT(3,3),

I FI_QT(3,3),_FL(3,1),FNPl,PIATWn,Pl

2 ,I_Q_R_IGOPLT,IUNITS,RRATF,IFS,IFSMAX,TBA(_,_),T_R(_,_)

,PMAX_THFTAF,R,THFTA,KFtY_FN

,RS_IIIO),RSS2(In),RS_B(IO),RSS_(]O),RS_(In),RS_(]n)

5 ,R_7(I_),_RRMAG(PT),FRR_C(3,PT),_L_(]_},RAVP(I_),

FIPMAT(_,1),EI4MAT(3_I),FI6MAT(_I),OtlANT,APM(]O),pK_(|_),

7 PS_F(Ih),KF,ICDN

C_MMAN A_PSS(IO),FRFO(In),DCOS(3,10),DCSI(3,s),ncs?(3,R),

] KSK,aCgNSS(5)_FC_NSS(5)_DIIPMy(_,3),ICHAN_

2 ,ISCHMP,IWf)ST7,CAMPF_,NSS,DPLXI(27,1_),_LYI(27,1Q),

3 _I-VXII27,10),DELVYI(?7,1n),_Ft.VZI(27,]o),n_LZI(27,1_)

4 ,F]_MAT(3,1),FISMAT(_,])

FMA_R = SART(X *_ 2 ÷ Y *= ? ÷ Z _ 2)

TFMP = I. / FMAGR

TAI(I,I) = X = TFMP

TAI(2,1) = Y * TFMP

TA](_,I) = 7 = TFMP

Xl = Y • V7 - Z _ VY

X2 = 7 • vX - X _ V7

X3 = X • vy - y _ VX

TFMP = ], / TPMP

TAT(|,3) = T_MP _ Xl

TAIl2,3) = TFMP = X2

TAT (_,3) = TFMP • X_

TFMP = TFMP / FMAGR

TAI(?,2) = TP_P _ (X

TAI(_,2) = TPMP _ (y

RPTIIRN

FNn

X? ** 2 ÷ X3 ** 2)

(7 * VX - x • VZ) - Y _ (X e. VY - Y = VX)}

(X x_ VY - Y _ VX) - 7 _ (Y _'- V7 - 7 _ VV))

(y x, V7 - I _, VY) - x ,_ 17 _ VX - X * v/))

PA_F r}?



'(i
_U_RBt)TINF VFL_2]

TRANSFORMS V_LnC]TY IN THE _ FRAMF TR VELOCITY IN THE T FPaMF

TNTFGFR FS_MAX

l ,WT_MP(3t]),ATFMP(3_]),T(SQ),TR[(_,3),TTR(_,_),TR_(_,_),

? TGR(3,3)_ALPHA(5_),BETA(fiO)_TWB(3,3)_IAOPSF,RP,_CnN,_MASS,

X,Y,7_FLTS_TnTWn_|FR_MF_VX,VY,VZ,NPTS,T|&(_3},T_T(_,_)

,YTRIIF(IO)_ZTRUF(I_),VXTRUFIIO)_VYTRIIF(IO)_V7TRIIF(I_),

7 _]TRIIF(1N),_?TRtIF(]_),_STRUF(]N),_NTNL_f_,_),_TNFW(_,_|',

R AXnL_,AXNEW_AYOL_,AYNFW_AZRL_,AZNFW,VXRLD,VXNFW,VYRLR,

VYNPU,VlnL_,VZNEW,_X,GY,GI,_T(27,1_),T_TSAV(_,3,27,]_)

CQMMQN FS,_5MAX,InPT_IVAP_IFUSF,PAR(?,7)_FCM(7,7),A_QT(3,_),

P ,IhnPR,IG_RLT,II;NITS,_RATF,IFS,IFS_AX,TBA(3,3),TAR(_,_)

,RMAX,THETAF_R,THFTA,KFLY,FN

,RS_7(I_),ERRMA_(27),FRR_C(3_PT),HflLD(]h),SAVF(I_),

F]2M_T(3,1)_EI_MAT(3,1)_FI_MAT(3,1),OIIANT,APM(lh),P_(I_),

7 PS_P(I_i_KP_IC_N

C_MMnN AMPS_II_),FRFO(]_),_CQS(_,IO),_CS'I(3,5),nC_2(3,_),

,ISCHM_,IW_II,C_MPFO,N_R,_PLXI(27,]O),_FLYI(?7,]_),

DFLVXI(27,1_),DFLVVI(?7,1n),_EI..VZIi27,]_),_FI_TI(27,1_)

CALL TRTDA

A_T(],]) = A1R_T

A_NT(3,]) = A3D_T

CALL MATM_IL (Tel ,3,3,A_nT,],FIn_T)

VX = FI_nT(],I)

VY = FI_T(?,I)

Vl = FI_nT(_,])

FNn

PA_F



• C.

SI_F_RF)IIT T NIt pOSI2A

DFTFRMINFS A NFW A FRAMF AND FXpRFSSFS VELDCITY IN "rHF D FRAmF

INTFC_FR F S, P.KMAx

COMMf]N F)MFC,(3,3),TLI(3,3)_TF:MP](3,50),TEMP2(3 =jO),W(3,c,(3),A(?,,50 )

]. ,WTI::I'AP(3,1),ATEMP(3,] ),T(50),TP,I(3,3),TIP,(?,,?,),TBC_(?,,?,),

? TGR ( ?,, ?,) , ALPHA (C_Q) , RFTA ( 5F} ) , TWR ( 3,3 ) , ] A(")R F,F , R P , C,C.F)N, XM A 5 S,

_. X,Y, 7 ,(3FLTS, DTDTWFI, I FRAMF, VX, VY,V/,NPTS,pT IA (_, _ ) ,TA | (3, ?, )

4 ,TATOLD( 3,3 ), "rAI NFW( 3,3 ), TTOTA L ( 27, In ) ,T IMF ,TMAX, XTRIIF ( ]D )

=; ,YTRIPF ( In ), ZTRUE( 10 ), VXTRI.IF (IF}) ,VYTRIIF ( ]Q ) , VITRIgF ( ](3 ) ,

_, AIRF)T, A2(3OT, A3DOT, DFL.QA( 3,27, I O) ,r')IFLVD (3,77, io ) ,DI , r_2, r_,

7 DITRIIF( IO),DTTRUF(]F}),D3TRUF(].(3) ,DnTnLD(3,__I,DF}TNEW(?,,3) ,

R AXnL D, AXNFW, AYFIL(3, AYNFW, A ZOLD, A ZNEW t VXOLF), VXNFW, VYflL n,

q VYNI::W,VlnLD,VlNFW,GX,C_y,Gz_,(3T(PT,lF}),TIRISAV(3,g,27, I(3)

COMMRN FS,FSMAX, IDPT, IVAR, I F:USF,PAR(7,7) ,FCM(7,7) ,AF)FIT (3, ?,) ,

1 F InFIT (__, 3 ) , DPL ( 3, ] ) , FNPl , PIflTWf}, pl

;) , Ir_nRR, IC, I'}RLT, II_NI TS,RRATF, IFS, I FSMAX, TBA (_, ?, ) ,T_R (3, ?, }

'_ ,RMAX, THFTAF _ R , THFTA, KPL v, FN

&. ,RF;gl (IO),RSF;p(Ih),RSS3(ID),RS.%"-(IO) _,_'S.K'_fln),R_,(I(3)

5 ,RSS7 ( 10 ) _ ERRMAG (27) , FRRDC ( ?,_ 27) ,HOLD( ]0 ) , SAVF: ( ]f')),

h FIPMAT(3,] ),F]4MAT(_,, I),FI6MAT(3,I ),OIIANT,_PM(ID),PSD(]O),

7 Psr)F (IF}) , KF, ICON

cr']MMnN AMP(;g(IO),FRFO(]F}),DCn_(?,,]D),DC.g ] (3 =_),DC_2(?,,5),

1 K._ g, ^C.QNS S ( c_) , FCONF, S ( =,) , DIIMMY ( ?,, 3 ) , ]C_ANQ

2 ,ISCHMI:,IWDSI/,CnMPFO,hlS_,,(3FIX| (_7,10).DI::LYI(?7,}_),

"_ DFLVXT (27, IO),DELVY] (27, ln) ,nFLVZI (77, | f_) ,n_L7 i (_7, ] f))

4 ,_:I_MAT ( 3, I ) , F15MAT| 3, I )
CAI. L TRTAT

CAlL MATR_N(TAI,TIA)

l:InnT(l,]) = vx

FInnT(2,1) = VY

FIDI-IT(?,,]) = VZ

CALL MATMIIL [ TI A, 3,3, F| DRT, |, ADnT )

CALL TRTAD

RFTIIRN

FhH3

PA_F O2
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